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The following pages liave been ivritten as an ele- 
mentary account of Coal, and tlie modes of working 
and raising it from the pits. Those wlio are familiar 
with the details of this great branch of Britisli 
mdostry may probably object to the brevity with 
which portions of the subject have been treated ; 
but I must plead in reply the narrow limits allotted 
me. I have endeavoured as far as possible to 
supply a general view _of_the m^hpds^jarui. appliances 
employed in various dj3jidcts',,giviog 0ie i^jej- promi- 
nence to a description of ihe gfiagipql-eoal-producing 
regions at home and abraaJ, aLId cf ihe various pre- 
cautions needed for the pfe8srJKd^jbir''o£j'inman life. 

Public attention has bflfeh" fbi^ibly ciilted, whilst this 
work was in the printer's hands, to the question of tho 
duration of the coalfields ; and the Royal Commis8ion> 
appointed during the last session of Parliament, tes- 
tifies to the importance of providing our political 
economists with more accurate data than it has 
hitherto been possible to obtain. In my closing 
chapter the same topic has been somevi'\ia\. '^ 



handled ; and aa I have dwelt, not on Bpeculationa, but 
on statistical facts and personal observation, I have 
seen no grounds, in the numerous speeches and 
writings produced within the last six months, for 
wishing to modify my statements. 

Finally, whilst I would refer the student for ampler 
details to the treatises of M. Combes, M. Ponson, 
and M. Burat, Mr. Dunn, Mr. Greenwell, Mr. Hedley, 
and to other works mentioned in my text, I trust that 
this little introduction to Coal-mining bears internal 
evidence of not being mere extract of books, and that 
—-whilst intended mainly to convey sound informa- 
tion to the unpractised — it may, nevertheless, contain 
matter of interest for viewers and overmen, to a long 
list of whom I have to express my thanks for many au 
instructive and agreeable day underground. 

W. W. S. 



» PREFACE TO THE SECO>'D EDITION. 



As the present publiahers of thia work intend to iasue 
a new edition of it as one of the " Rudimentary 

' Treatises," for which series it was originally written, 
the author has gladly availed himaelf of the opportunity 

' to correct some errors which had escaped notice in the 

I former edition. 

I He has also brought the statistics up to a recent date, 
and inserted notes bearing upon several important 
topics. 

In the interval which has elapsed since the first 
publication of these pages, the most notable phase in 
coal-minuig has been the attention bestowed by ooal- 
viewers and engineers on the farther application of 
machinery to three departments of their art ; viz., the 
getting of the coal, the underground haulage, and the 
ventilation of the works. Many coal-cutters and several 
ingenious contrivances for wedging down the seam by 
hydraulic power have been patented, but neither of them 
has been as yet so commonly applied as to need full 
description in a work profesaing only an elementarj- 
and general character. The latter two subjects have 
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been admirably treated in the "Transactions of tlie 
Northern Institute of Mining Engineers," to which the 
author would refer bis reader for details. 

During the same interval the Royal Commission on 
Coal bas, in completing its laborious task, allayed in 
great measure tho public apprehension as to the early 
exhaustion of our fossil fuel, by malting up a grand 
sura-total of coal in store — far beyond what moderate 
men had before estimated. Chapter XIX. should 
therefore bo read with the understanding that its 
subject- matter has been most fully bandied in the 
Report of the Commission. But, besides the copious 
harvest of facts, there is necessarily introduced a region 
of induction with more or less uncertainty attached to 
it, on which varying conclusions may be based. Tho 
duration of the coal-fields is a more intricate problem 
than might at first appear, and whilst nothing has been 
recently discovered seriously affecting the daia, some 
of the opinions broached in his concluding chapter 
will, the author thinks, be found to be strongly 
supported by the movements and position of the coaJ 
trade and the colliers in the past year. 

"W. W. 

liosnoa, Jail/, 1873. 
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PREFACE TO THE FIFTH EDITION. 



At the time when the author penned the preface to the 
edition which appeared in 1872, the coal trade had been 
swollen into an exuberant prosperity, highly exhilarat- 
ing for a time, but wholesome neither to men nor 
masters; and it appeared to the statistician a knotty 
problem how much higher the price of coal would rise, 
and to what gigantic figure our annual production 
would attain. But a period, first of check, and then of 
sad depression, has since taught us severe lessons. 

The startling observation made about 1860 — that 
the British output of coal is doubled in twenty years — 
held good till over the year 1877. 

Thus, the total production was in 1858 . . . 65,008,640 tons. 
n „ „ „ 1877 . . . 134,610,763 „ 

But at length, instead of the yearly increment of 
some 3,000,000 tons, a diminution has appeared which 
must tell upon the arguments of some of those who 
discussed the duration of the coal-fields. 

The author has to thank Mr. Carruthers, F.R.S., 
the eminent botanist of the British Museum, for 
revising the chapter on the Plants of the Coal Measures, 
and bringing it abreast of the most recent views. 

In the actual getting of coal, much. a\>teTi\Miii\i'^^YCL 
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the past few years been devoted to coal-cutting and 
wedging machinery, without aa yet adequately satis- 
factory results. 

In the same period a revolution has taken pluce 
throughout the country in the auhatitution, to a great 
extent, of mectanical agents for the furnaces employed 
in ventilation. In a less degree the pattern of engines 
is changing, and particularly in pumping, where the 
"apecial" and Davoy's compound differential engine 
are gaining favoiir. 

The Mines Regulation Act of 1872 is accused of 
having introduced sundry difficulties, and a palpable 
increase of cost in the raising of coal. It has the merit 
of drawing attention to many points which were apt 
to he neglected, hut it haa sometimes peremptorily 
decided on matters of detail which might perhaps 
better have been left open. 

A change, which the author has for years watched 
in its advance, and to which he can refer aa soundly 
and widely beneficial, is tho general improvement 
brought about by the action of Institutes of mini 
Engineers. In these societies, now founded in most 
our coal districts, the old local jealousies are av 
and questions of practical work and scientific reseai 
investigated and described. 

In so many instances haa the author to recognise 
value of the labours of these independent asaociatioi 
that he must regard them as a most important factor 
producing constant improvement by means of a highi 
cultivation. 

"w. ■w. S. 

LosDos, May, 1880. 
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I CHAPTER I. 

THE USE OF COAL : ITS COMUEKCEMEST AND EXTENSION. 

In these onr modern days, snrrounded aa we are by 
coal firesj steain, and coal products, it is somewhat 
difficult to imagine ourselves in the position of the 
early writers on natural history, who touched witll 
uncertain pen on what they thought to be the leading 
characters of a rare and ambiguous mineral. Many 
of the passages which have been quoied from ancient 
authors as indicating a knowledge of the use of coal 
have no refenince whatever to the substance to which 
we now give the name, but indicate simply charcoal, or 
even wood -fuel , The translators of the Scriptures have 
thus employed the word coal in the same sense as the 
Greek anthrax, the Latin carlo, and the German kohle ; 
the same, in fact, aa was usual in our own language, 
until wood and charcoal came to be supplanted as fue] 
by their stony relative. 

Certain varieties of this mineral were noticed by the 
ancients, although with little idea of the probabiUty 
of their receiving any extensive application. Thus 
' Thoophrastus, the pupil of Aristotle, in an oft-quoted 
passage, described, nearly 300 years B.C., a foasil. ai 
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Btono coal of an earthy character, fonnd in Ligi 
(qow the province of Genoa), and in Elis, on the way tj 
Olympias, capable of kindling and burning like chB^^ 
coal, and employed by Biniths. Ampelitis, a. black 1 
Btone " liko bitumen," and Gagates, or jet, are i 
tloned by Pliny and others as available for medicia 
or ornamental purposes ; but neither the naturahslj 
who endeavoured to describe the various producta a 
creation, nor the historians who enumerated the soui 
of wealth of particular countries, leave na the impr^ 
flion of their having seen or heard of a generally usera 
fossil fuel. It has been attempted to show that t 
early Britons worked coal; and a stone axe, stated t 
Pennant to have been found in the out-crop of a o 
seam in Wales, has been well-nigh worn out in thBT 
service ; but we have no satisfactory evidence on tlie j 
subject prior to the later days of the Roman occupation) 1 
when I'oads had been carried through many of the coa 
producing districts. Coal cinders have been 1 
amid the ruins of several of the Roman stationa il 
Durham, Northumberland, and Lancashire, and i 
recently at Wroseter, the ancient Uriconium, 
destruction of which place dates, according to '. 
Thomas Wright, F.S.A., from the 6th century.* 

It is not nntil the thirteenth century that we obtain I 
clear proof that coals were systematically raised for fuel, i 
In 1239 King Henry III. is stated to have granted ( 
charter for this purpose to the townsmen of Newcaatli 
on-'fyne ; and so early was the produce of their pi^ 
attracted to the devouring focus of London, that by tin I 
beginnbg of the next century great complaint arose on I 

■ The cindere vers still on the ground sdioining the baths n 
the Brituh ABsociittiDii excuraiaii Tiaited tne spot in Septemher, ISI 
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THE USE OF COAL 5 

the injury done hj the coal smoke to the health of tha 
I citizens. In 1306, on petitiou by Parliament, King 
.Edward I., says Stowe, "by proclamation, prohibyted 
; the burneing of aea-coale in London and the suburbs, 
I to avoid the 3u]f';r:rU8 smoke and savour of the firing; 
land in the same proclamation commanded all persona 
I to make their firea of wood." Not twenty years, how- 
tever, passed away before the inevitable consequence of 
[a gradually pressing scarcity of wood followed; the 
ibauiebed "sea-coale" again sailed up the Thames, 
landed in the capital, and actually effected a lodgment 
in the royal palace.* From that time forth, with a 
temporary check during the civil wars, the coal trade 
grew with the growth of the population, especially of 
Ijondou and the east coast, and pari passu with the 
rapid destruction of the forests. 

On the Contment the coal basin of Zwickau, in 
Saxony, appears to have been the earliest known in 
Germanyj and it is said that its working can be carried 
'back to the time of the Sorhenwends, about the tenth 
centnry. In 1348 the metal-workers of that town were 
forbidden to pollute the air with the smoke of coal. 
In "Westphalia coals seem to have been dug near Dort- 
mund as early as 1302. 

The first mention of coal-mining in Scotland occnra 
in a grant executed in 1291 in favotu: of the abbot and 
■convent of Dunfermline. Coal was probably worked 
on a small scale in several of the English and "Welsh 
diatoicta about this time ; and we have the evidence of 
■the quaint old traveller, Marco Polo, to show that the 
Chinese were at the same epoch well acquainted with 

" Tha History of Foisil Fuel" London, ISll. 
B 2 
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One of the earliest manofacturea which depended oi 
the use of coal was glass-makiEg, commenced aboutl 
1619 on the banks of the Tj-ne. In the year 1635 
proclamation of King Charles, prohibiting the impoi 
tation of foreign glass, set forth that " Sir Hoba 
Mansell had by his industry and great expense f 
fected that manufacture with sea-coal, or pit-ooi 
wherehy not only the woods and timber of this km, 
dom are greatly preserv'ed, but the mating of all kin 
of glass is established here, to the saving of n 
treasure at home, and the employment of great fi 
bers of om- people." 

Up to the end of the seventeenth century pit-a 
was employed for little else than hoosehold puipoei 
but it is not possible to obtain statistics of the qiU 
titles raised, excepting the amounts which were shjjijM 
London and the east and south-east coast, as w^ 
soma continental ports, were suppUed by NewcaS 
and Sunderland, which, about 1704, shipped off b 
year respectively — 
H 17S,H3 chaldrons, or J73,OS0 tons, 



65,760 ohaldrooa, or 174,264 tons. 



itedl 



In 1750 the vend from both ports together am. 
to 1,193,457 tons. 

Dublin and the east coast of Ireland were supplif 
from FUntshire and Whitehaven; whilst the reqni 
ments of the rest of the country were variously o( 
tributed to by small workings in the Lancashire, Si 
fordshire, Warwickshire, and other coalfields. Manj 
experiments had in the meanwhile been tried in Staf- 
fordshire and the Forest of Dean to substitute pit-ccal 
for wood-coal in the smelting of ii'on ; but before Hts 
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greaL revolution in commerce could be accomplished, 
about one hundred and twenty years were to be occu- 
pied in trials, disappointments, losses, and delays. 

Meanwhile the beginnbg of the eighteenth century 
was marked by the first wavering steps of tho infant, 
Steam, so aoon to develop into the mighty giant, 
depending for his strength on coal, himself making 
possible tlie extraction of the fuel from amid dif- 
ficulties till then inj^unnoun table, and opening out a 
thousand new methods for its consumption and appli- 
cation. Thus far coal had been valued for the pro- 
duction of EEAT only : it was now to enter upon a 
second phase of usefulness — that of the generation of 
FOBOE. Already ingenious minds had pondered on the 
■possibility of raising water from tbe mines by aid of 
the power of steam. Solomon de Cans, a French 
engineer, in his work, published in 1015, entitled 
Les Eaiaons dea Forces Mouvantes," proposed the 
experiment in scientific terms ; and the Marquis of 
Worcester, in his " Century of Inventions," in 1655, 
rather dimly foreshadowed what might be done. Bnt 
it Tvas reserved for our countryman, Captain Thomaa 
Savery, to apply the steam practically by the intro- 
duction of the principle of a vacuum, and to erect 
engines for tho actual nnwateriog of mines at Great 
Work, in the parish of Breage, Cornwall, and in 
several other localities. In hig paper, read to the 
Royal Society in 1699, and in hia treatise, "The 
Minor's Friend," 1702, Savery describes the construc- 
tion of his fire-engine, and renders it very clear that 
although the coals to be used were to be " of as little 
Talne as the coals commonly burned in the mouths of 
coal-pits are," this ingenious ii«eiit\o"(i, m ■wV\<3b. 
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the water waa first " sucked up " into a receiver ' 
condensiEg the steam within it, and then forced n 
stand-pipe by the direct impulse of the steam, reqni 
at least another step to fit it for general applicatio 
This step was the interposition of a piston, on 1 
surface of which the steam should exert its powei 
and the application was ere long made by Newcomfl 
Some years, however, before this, Dr, Papin, a FreD 
refugee, had proposed an engine, in which a piatfi 
working in a cylinder should be raised by the explosS 
force of gunpowder, aud then depressed, on the c 
denaation of the-gaaes, by atmospheric pressure. Sod 
afterwards ho endeavoured to obtain the same result, 
difficult of regulation with gunpowder, by introdnffll 
the elastic power of steam." But although e 
were made at certain mines in the Auvergne and 
Westphalia, Papin's contrivance was so far unsuccesBft 

Kewcomen appears to have been assisted by i 
suggestions of Dr. Hooko, the secretary of the Royi 
Society, and to have first tried his "fire-engine" .( 
the large scale at a colliery near Wolverhampton, 
mode of condensation by cooling the outside of t 
cylinder at every stroke proved to be inefficient, and 
was only when be introduced an internal jet of col 
water that success became decided. In concert ' 
his assistant, Calley of Dartmouth, he erected nes 
Newcastle and in Yorkshire several engines of 2 
inches cylinder, and in 1720 constructed at Whea 
Fortune, in Ludgvan, an engine with cylinder i 
47 inches diameter, working 15-inch pumps, to ] 
soon followed by others at Wheal Eose, near Redruth 

* The engine irith its piston (pislillmH) is dosoribid and figured 
Qi3"Actii£nLditomin," Lipsiie, 1707- 



EVlieal Bosy, and Folgootb mines. Coal vaa bornt 
Ijnder their clnnisj dome-sliaped boilers at a fearful 
lute; bat what matter? It mnst be done, if the hid- 
I den treasures of tin in the west, and coal in the north 
I lere to be followed up to depths that bad been proved 
[ unattainable by aid of the wafer-power at the com- 

d of the mines. The convenience with which the 
I new invention could be applied caused it again often 

e used as a lifter of water to the top of water- 

■ wheels ; and thus whether applying its force directly or 
I indirectly, it prospered, and spread through the length 

and breadth of the land. A few of these old New- 

■ comens, or atmospheric engines, working the pnmp- 
lods with the intervention of a horizontal " beam," or 
"bob," and more or less patched and modified, have 
mrvived even to our own times. 

About the time that the miners began to employ on 
& kjge scale the facilities afforded them by the new 
fire-engine, there arose from another side an applica- 
tion of coal, founded npon its calorific power and on 
the action of the gaseous products of its combustion. 
Between 1730 and 1735, Mr. Abraham Darby, of Coal- 
brook Dale, in Shropshire, succeeded at length, through 
the introduction of the process of coking, in smelting 
iron with pit-coal. The iron trade of Great Britain 
had at that period sunk to a very low ebb, but was now 
destined to rise to a height which is one of the great 
marvels of all the world, and that in a chief measure 
by the employment of the beds of mineral fuel bo won- 
drously stored up in close proximity to the iron ores 
which have formed the great staple of our manufacture. 

Still, during all this period we have no general 
statietics of coal. More and more of it came to be 
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inmed as wood became yearly more scarce, and 
population ind commerce increased. After the midi 
f th ht enth century a more scientific treatmt 
of the fu 1 ml of the steam to be raised by its 
1 e an to upy attention, BJid the devices which 
1 th Iject the economisation of coal, very ei 
BU a ful a they were, increased a hundredfold the 

na mpt n of the very substance they songht t& 
apa e F emost among these was James "Watt's 
admirably asoned contrivance of a separate vesael 
for the condensation of the steam ; and then followed, 
with the rapid distribution of " Boultoii and Watt's " 
engines over the whole civilised world, a series i 
improvements, originating in great part among & 
nncertain adventnrea of the Cornish tin and copp* 
mines, where economy of fuel became one of tl 
manifest elements of mining success. The namea i 
Murdock,* "Woolf, Hornblower, Trevithlck, and (Jroi 
are household worda with the miners who are conacioi 
of the great extension of enterprise which has becon 
possible in consequence of the aaccessive introductio 
of plunger pumps, high-pressure steam, expansii 
action, tubular boilers, and the clothing of steam pip) 
and cylinders. True that each of these inventions hi 
had for its aim the reduction of the cost of fuel in pro 
portion to the work done ; but the result is an cnormouslj 
increased aggregate consumption of coal, with a stQ 
more greatly multiplied amount of work done directly 
and a superlative increase in the general traffic an( 
prosperity of the kingdom. 

About the year 1803 there was brought into praxitica 
application another grand employment of coal — tha 
production of Light. For upwards of a century 



nnoas experiments, and latterly on a mannfactnring 
Kale, hnd Itaen made on the distillation of coal m order 
to procure tar and oils, whilst the application of the 
invisible gases produced was strangely neglected, 
notwithstanding attention had been called to the 
moderately lighting properties of the fire-damp eo 
fargcly evolved from many of the northern collieries. 
Soon after 1792, Murdocb, the engineer in charge of 
some of Boulton and Watt's engines, snggested that 
the gas might be conducted through tubes and em- 
ployed as an economical substitute for lamps and 
tandles. To light him on his homeward way over 
Cornish downs he used to carry a bag of gas 
under his arm with a lighted jet before him, and 
tradition still telis of his frightening the superstitions 
miners whom he met in the dark, by a sudden squeeze 
of hia bag, which threw out a long flame, taken assuredly 
for the fiery tongue of the arch demon himself. 

The rapid extension of the gas manufacture within 
lie last two generations need not be dwelt npon, and 
the vast quantrtiea of fossil fuel now employed for this 
indispensable adjunct of oar modern civilisation may 
le imagined when it is remembered that hardly a fxiwn 
'Ciista within moderate distance of a coalfield or of 
the sea coast, in which gas is not used for the lighting 
of the thoroughfares as well as for that of public and 
private buUdmga. 

The year 1830 witnessed the commencement of 
another great drain upon our coal-mines, accompanied 
it is true with enormous advantages to other trades, 
but also originating in what appeared to he a more 
economical use of coal. The application of the /loi 
bloat, by Neilson, to iron fiunaces, begun at the Scotch 
3 
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works, saveJ so large a proportion of the coal needed 
for the smelting of each ton of pig-iron, that the great 
majority of the iron works were forced by competition 
to adopt the same method; and in spite of a very 
common belief that the qiiality of the produce was 
thereby injured, the result has been an enormons in- 
crea:ae of the total quantity of coal used for this pnrpoM, 
with a much greater increase to the iron trade. If we 
take, as an example, the results in Scotland, we find 
(hat the ton of pig-iron, na made in 1829 at the Clyde 
Iron Works, required tlie coke of 8 tons IJ cwt of 
coal, whilst in the following year the introduction of 
air heated to 300° Fahr. brought down the consumption 
per ton of pig to 5 tons 3^ cwts. Eight cwts. of coal 
were consumed in heating the blast, so that the actoal 
saving per ton of pig-iron was 2^ tons. In 1833, when 
raw coal had come to be used instead of coke, 1 ton of 
pig-iron waa made with 2 tons 5^ cwts. of coal, which, 
with 8 cwts. for heating the blaet, made & total of 2 
tons 13 cwts. Hence by the application of the hot 
blast, the same amount of fuel reduced three timea 
much iron, and the same amount of blast did twice M 
much work as previously." 

Now the production of pig-iron in Scotland has risen 
aa follows : — 



yhence, at the rates above quoted, the total i 
' Percy's " MetsUurgy of Iron," p. 3S8. 



^J['hence, at tl 
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BnniptiOD of coal in iron smelting would have been, in 



It ninat not however be concludod that this enormous 
developmeat in the Scotch trade was due to the hot 
blast alone. Concurrent with that great improvement 
was the employment of the abundant nnd economical 
mixture, the " blackband," for the discoveiy of which 
Britain is indebted to Mr. Mushet, But the main fact 
remains — that every advance which tends to cheapen 
the productions of manufacture enlarges so widely the 
field of operations, that coal, the basis of the whole of 
tiem, is always demanded in ever-increasing quantity. 

In the absence of accurate data it is estimated that 
in Great Britain about ten millions of tons of coal were 
raised in a year at the beginning of this century. The 
continental production at the time was exceedingly 
Bmall, the backwardness of many manufactures and 
the large expanses of forest land liaving delayed the 
necessity for turning to subterranean fuel. Within a 
short time after the conclusion of the great war, steam- 
engines were rapidly supplanting or actingas auxiliaries 
to water power, and the coalfields of our own and 
foreign districts became the scene of more active re- 
searches. But it was not until the facilitation of traffic 
by means of steamboats and railroads, that the steady, 
absorbing march of the present epoch commenced. 
When between 1829 and 1835, the locomotive engines 
running on wroiight-iron lines, and the coasting and 
sea-going steamers, were proved to be a triumphant 
success, leading to imitation in foreign countries, and to 
enormous multiplication in our own, a new a-j^^ftm *il J 
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the diatributioii of raw material may almost be eaid to 
Lave been started. Nowhere is the result more striking 
than in the London district, which now receivea by 
sea, railway, and canal, upwards oi fice millions qftoni 
per annum, or doubtless more than the production of 
the entire kingdom in the earlier years of George IH 

Many new and striking applications of coal have 
within the last few years rewarded the exertions of 
chemists. The once useless and fetid products of its 
diatdlntion have been made to yield sweet scents and 
savours. From its naphtha are obtained the paraffins oil 
and the beautiful translucent solid paraffine, which in 
brilliancy and purity excels wax itself; and from its 
aniline are obtained a galaxy of brilliant colours, among 
which need only be mentioned the popular rmiuve and 
inaffenta. to prove the varied forms under which thai 
products of coal have found their way into the usefiil 
arts. 

The International Exhibition of IS.ol, possible only 
under these conditions of mechanical advancement t< 
which we have referred, naturally directed the attentioi 
of inquirers more forcibly to the statistics of miners^ 
prodnce. It was roughly estimated that for 1850 
the prodnction of all the British coal-minea 
42,000,000 tons ; France was raising 4,433,000 tons ; 
Prussia and Belgium followed, with smaller quantities} 
and then Austria, with a little above 1,000,000 tons. 

In 1853, Mr. T. Y. Hall, of Newcastle, after much 
investigation, stated the British prodnction to 
56,550,000 tons. 

At length, in 1854, through the instrumentality d 

it, Kobert Hunt, of the Government Mining Secord 

BCi aided by the recently appointed inspectors ofi 
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Jcoal-minea, we obtain reliable statistics ; and the 
[following table will command the attention, if it does 
.not excite the aatonishment, of every reader. 





Coal Peodcctiok or 


Great Bhitaik. 


8S*. 


Tons. 
64,661,101, of wUch 


were eiport 


Tons, 
d 4,309,2o5' 


m- 


92,787,873 „ 




8,063,848 


87*. 


125,043,257 


„ 


13,827,205 


87S. 


131,867,105 


„ 


M,'344,01S 


876. 


133,3*4,766 „ 


„ 


16,290,077 


877. 


131,610,763 „ 




15,420,060 


878. 


132,607,866 


„ 


16,494,fi33 



The vast qnantity represented by these figtiros may 
"be brought before the eye by the following comparisons, 
Supposing that we take the approximation of one ton 
being, as it lies densely packed in the earth, one cubic 
yard. If we take the area of Lincoln's Inn Fields, 
measured up close to the houses, at eleven acres, about 
the dimensions of the base of the Great Pyramid, and 
could stack the coal as nature has done in the seams, 
the British coal raised in 1865 would form, on that 
base, a solid block, of the height of 5,229 feet, or as 
high as Snowdon surmounted by another mountain of 
!half its height. 

Again, taking the distance from London to Edin- 
burgh, four hundred miles, the same quantity, similarly 
packed, would build a wall the whole way, of twelve 
.feet thick and ninety-nine feet high ; whilst if put 



1 • The exports of 18.J4 alnne a 
' Commons, the temainrag nmiilie 
'piled by Mr, Robert Hont, F.H.f 
Practdottl Geology. 



e from tlio returns fa the House of 
( are taken from the statietics com- 
,, Mining Kocord OMce, Museum of 
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together in the broken state in whicli coal is commonly 
used, it would give a wall of mora thnn double that 
tiiickness. 

This yearly production, obtained by the labour of 
about 240,000 men," ia palpably a gigantic effort for 
so small an area as that of our united coalfields, and 
naturally excites apprehension for the fnture. 

The statistics of the produce of the mines of most 
of the European nations are well kept np, although a 
few of them can only be roughly estimated, and it ifl 
interesting to compare the 



Aknital AworsT pbobbcbd bt the Chibp 

Grcnt Britain nnd Ireland (1870) . . . 
United States of America (1871), eiUmnle . 


CoiL-m 

110,131 

33,637 

2D,432 

3,096 

1,*71 

7,084 

13,697 

13,100 

800 

697 

919 


192 
486 
75Q 
231 
899 
391 

no 

000 
000 
4l8 
622 


Cocsrani. 
Tons (ign). 
134,610,703 
49,130,651 
42,308,6!! 
3,477,511 
2,443,719 

u,ib%m 

13,938,SU 
16,389,201 

1,300,001) 
767,496 

1,414,171 


German States, bealds tho two last (1869) . 
AuBtr!attSt3teB(1870) 






Provinco of Nora Scotia (1871) . . . . 
New Soutli "Wales (1869) 



It ia hence evident that although our favoured 
country has so long taken the lead, all civilised 
countries have entered into the race of competition; 
and it becomes a matter of anxious inquiry to leam 
under what circumstances the treasure ia in each 
country developed, and where it ia likely to be best j 
expended or longest economised. 

■ Now increased, in 1878, to 475,329 persons. i 

t Given in the ofGdal statistics in collesntiier, of wliieli 20 
English, nearly. The Ocrmon linne ia 1,000 fcCagrams, or S,OW 
I '^pounds, the pound being Ou kilogram. 
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r CHAPTER II. 

MODE OF OCCDBRENCE OF COAL. 
THB substance receiving the nnnio of true coal (in 
contradistinction to lignite and brown coal) is, in 
almost all the coal-producing countries, found in beds 
or seams divided from one another by more or Igbb 
thick strata or beds of shale, sandstone or grit, and 
indurated clay, the whole being termed collectively the 
Coal Measures, and belonging to a still larger group of 
BtratiQed rocks called the Carboniferons Formation or 
System (Sj/sleme houiUihre, or anthraxifh-e, Fr. — Stein- 
koMen-gebirge, Ger.). 

It is difficult to define exactly what constitutes a 
Coal. Several legal trials on a grand scale, in Edin- 
burgh, London, and in Prussia, have only succeeded in 
making it more clear than ever that no suitable de- 
finition exists, and that whilst all parties may agree in 
recognising the characters of a typical coal, dilferencea 
of opinion will soon arise when the substance to be 
determined approaches the boundary of the shales and 
of the bitumens. 

It is obviously loose to assert that " anything is a 
coal which is dug out of the earth and will burn;" 
whilst on the other hand it is inconveniently strict to 
demand any approach to a definite composition as 
indispensable to coal. We may fhirly require of it 
that it be black or dark brown, capable of direct 
employment in furnaces and fire-placas for the pro- 
daction of heat, brittle, and not soluble — like the 
bitumens — in ether, oil of turpentine, oi beTvioVa. T'&a 
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following are the chief characters of the various sub- 
stances regarded aa coals. 

Anthracite (Stone, Kilkenny, or Crow-coal), 
Black, with black streak ; fracture, conchoidal ; doea 
not soil the fingers ; specific gravity, 1'3 to 1 '75 ; less 
easily kindled than other kinds of coal ; oft«n decrepi- 
tates much in burning ; composition, carbon in great 
proportion, generally 90 to 95 per cent., hydrogen, 
oxygen, and nitrogen in minute quantities. 

BiTUMiNODS Coal. Black, of various ahades, streak 
Bometunes greyish black ; lustre, more waxy than that 
of anthracite, in some varieties dull ; fracture, sub- 
conchoidal to uneven, the substance often divided 1^ 
cleats or joints into parallel-faced figures {cubical coal, 
dicey, fc.) ; specific gravity, TSS to 1-4 ; composition, 
generally from 73 to 90 per cent, of carbon, 8 to 22 
per cent, of oxygen, hydrogen, and nitrogen, with (as 
in anthracite) a variable amount (3 to 30 per cent.) of 
earthy matter constituting the " ash." 

The term bituminous coal is somewhat deceptive, and 
it must be remembered that it does not mean that 
bitumen (or mineral pitch, soluble in ether, &c.) ia 
contained in it, but that the gases, oxygen, hydrogen, 
and nitrogen, enter more largely into its composition' 
than in anthracite, and give it a more flaming character- 
in burning. The varieties generally recognised art 
mostly named after their application or chief proper- 
ties : Free-burning, steam or smokeless coal, non-cahttjf 
coal. These, in different grades, approach towards th( 
anthracites, and are chiefly valued for engine and smelt* 
ing purposes. They often exhibit, in parts of the 
at least, a peculiar fibrous structure, passing into 
singnlar tootied arrangement of the particles, called 
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cone-in-c07ie^ or " crytalliBed coal." Some of these 
*' dry " coaU will coke, bat the amalls, from their not 
agglatinating, cannot be used for that purpose. With 
the addition, however, of pitch or tar to the amonnt of 
8 or 10 per cent, the small may he made into " patent 
fuel," or "agglomerated coal." 

Caking-eoals are those which tend to partially fuse 
when burning; emitting jets of gaa, and, as a rule, 
giving off abundant flame and smoke. The " household 
coals " are generally of this variety, and are valued 
In great measure according to their, freedom from ash. 
The " smalls " have the valuable property of fusing 
together into large masses when duly heated ; whence 
they are abundantly turned into coke for iron-smelting 
and for burning in locomotives. 

A single seam or bed often contains layers of 
different descriptions of coal, which may in some 
cBises advantageously be divided from one another and 
separately sold for divers commercial purposes. 

A remarkable instance of this was noticed by me in 
the "Top-bard," a famous Derbyshire and Yorkshire 
. seam, at Handaworth, where its aggregate thickness 
' was 55 inches. The divisions were as follows : — 



Boofcoal . . 
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Batt (black shale) 
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sl 


Rongh bright 
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Dirt, parting, . 9 t 


12 


Holing cool . 


■I vtry dusty toft ronl 
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Cannel is commonly considered a variety of bitu- 
minous coal, with the beds of which it is not unfre- 
quently associated in parallel layers ; bnt it is a fair 
question whether it should not, in scientific nomeo- 
clature, be separated from the coals proper. It is black 
or brownish, dull in lustre, breaks with a flat con- 
choidal fracture, is not made up like ordinary coal of 
thin laminjB, does not soil the fingers, often containa 
teeth and scales of fishes, and, according to some of 
our best microscopiats, is readily distinguishable from 
coal by the general absence of Tegetable structure. Its 
name, from cariKyt, a " candle," is derived from the 
readiness with which it lights and gives off a steady 
flame. Some varieties, however — parrot coal (Scot- 
land) and rattlers (Yorkshire) — decrepitate and crack 
loudly on the fire. Cannel is largely employed for 
gas -making. 

It is by no means easy, if at all feasible, to draw a 
distinct line of demarcation between cannel and the 
black bosses, bats, or crisp shales, whiiih occur in the 
coal measures, but contain too much earthy matter to 
allow them to he of present value. And between all 
these and the torbanite, or "Boghead mineral," there 
exists a relationship which makes the difierence only 
one of degree. This last is a brown, tough substance, 
containing little more than 9 per cent, of carbon, 60 to 
09 per cent of volatile matter, and the "ash" so abun- 
dant and so equably diffused through the mass, that 
when the mineral has been " burnt," or had the vola- 
tile parts extracted by distillation, it is talcen out of 
the retort blanched in colour, but in volume looking 
just as when it was put in. Its great value con- 
sists in its oil and gas-yielding properties- 



taiuB con- I 
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this mineral giving aa much a8 15,400 cubic feet of 
gas, whilst good cannels give but 8,000 to 10,000 
feet. Torbanite is claBsed by some antbora aa a dis- 
fdnct mineial species, and by others as a bituminous 
Bhale. 

Lastly, we have Brown Coal, or Lignite, a mineral 
— more distinctly than any of the foregoing — formed 
of a mass of vegetable matter ; some stems, in fact 
(lignite proper), presenting the appearance of nude- 
composed wood. Colour, brown to pitch-black ; lustre 
sometimes resinous, sometimes dull ; specific gravity 
0"5 to 1'5; fracture various; burns easily, with a 
smoky flame and unpleasant odour. Compoaition, 
50 to 70 per cent, of carbon, a much larger proportion 
of oxygen than in the bituminous coals, hydrogen and 
nitrogen about the same. A large amount of water 
generally present. Varieties of it are termed — accord- 
ing to their aggregation — ^ifc^-coal {peek koMe), 
elaly-coal {schiefer kohle), paper-coaX or dysodil, bast- 
coal, 7teedle-CQs\, and ear^i^^-coal. 

Certain examples of the brown coal of the better 
sort so closely resemble the good bituminous coals as 
to be indistinguishable by any trenchant difference of 
compoaition in appearance. It has, liowever, been 
nsnal to apply this name to all the coals which occur 
in formations more recent than the true carboniferous 
period. Thus the name brown coal — not a very happy 
one — embraces as many qualities and varieties as does 
the old family name coal, from which it is now held to 
be a distinct off-shoot. 

For a general account of the geological phenomena 
which have to do with the occurrence of the coal- 
measures, we must refer the reader to the " Treatiaa 
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on G-eology," by tlie ]ate Gfeneral Portlock,* oi to some 
of the varioua " handbooks " and " manuals " already 
before tlie public. We have only space in the present 
little volume to deal with those parta of the subject 
which are more specially related to the findbj 
working of coal. 

Our descriptions will almost entirely have reference' 
to the strata of the true carboniferous system, as being"; 
without comparison the most important.' It is there, 
in the upper part of the Palteozoic or "ancient life" 
division of the earth's crust, that the great coalfields of 
the world are sought out and worked. But some coun- 
tries, as Italy, for example, are not fortunate enough to 
possess any of these within the ken of man, and must 
content themselves with brown coal alone ; others, like 
Hungary, have brown coal of several successive periodH^ 
and of very different qualities. Much value will then 
attach, locally, to this minority among the coals, and 
the following table will show with clearness the succes- 
sion of the entire series of strata in their true geo- 
logical sequence, along with the different 
"oal which they have been proved to contain. 

It is to be remembered that whilst the annexed taWffj 
exhibits the natural sequence where all the strata 
developed, it frequently happens that some of them are 
missing from their places. Thus, in Belgium and 
North France the coal-measures lie immediately be- 
neath the chalk or cretaceous beds. In South Stafford- 
shire the carboniferous limestone and other strata 
under the coal, down to the Silurian rocks, ate want- 
ing. In South France (St. Etienne) all stratified 
jcpcks are absent, and the coal-measures rest 
■ Weale's Rudimontfiry Sor 



50- 

1 




t directly J 



r" 




TABLE OF THE STRATIFIED EOCKS. 
Showing (ht posiliim of Bed, of Fossil Fuel. 






i 


QlDUp- 


C\M Ei-i-i«,-. 


LodalilyoICo^ or Brown C«J. 




11 


NyicUtog, 
CUrElline Crag. 


BBrturtrsnil [ignite, loelatia. 


1 

1 




AujWM Alp.. 

Lignite [D Antrim? 
VaWi^erUand. 
Bovoy, Davon (Beer). 


4 


Biifiihot SmiU. 


Tj-rel, and Iho Vonetian Alw. 

Sguih Slj^B, aomo Iwdi offalhomi In 


i 
8 


1 


TTpper CluH. 
Ldwb,'01i.Uc. 
Cbulk M»rL 


Aiinrlon Alps, in Uio Got.u beds. 
L'diil. up lo 4 11. UilulE, Lellgwiu,&c„ln 
Motaria. 

Sonla Fl' de Bogols, Sonlh Anieiiin. 


WeaJ. 
Sen. 


nidn^'Siirt. 


liuud brown Opal beds in North Oa. 
umiiy, OLnlLaa, &1-. H,E. SpilnP 


il 


iVinlind Oulilti. 
OiTunl do. 

TUeLiix. 


Pnrbock dirt-bed, vi\h ligniia. 
Mori,TyToL 
KidinieridRB"c(i»l." „„ „ 

EiteUBOt ainl at ^UiindrctiBi, and 
a.eler*.rfinSotiaiHm.Barr. 


1 


Keuper. 


Virgini., tr.S. 


i 


^i 


New red, in part 
Magnetian LiRiutonf . 
Lower ndSud. 


Coaincldi or India no! older llian lliii ' 






True Coal in England, HeMland.Walea. 

Moniiia. K^iD, 'llie United Slatei, 
Nova Scotia. 
AnHiracite in Sonlh Wale., JreUaid, 

Coabi ID Sarth England. 








II 


Olil led Sanditoue. 


)nnc lo potiid trom Hence up to the 
Triiia. 




J 


Bilo'licas. ' 
LlnndeUo FtD^. 
Camlio-Silariun Slalei. 


Fciroleuiii, in UieioUitee lower gnrnpt. 
AnIhraclLe in Co Caian, and Ida ol 


k 


■ 


■ 


^^ 


^^^ 


1 



Z2 COAL ANT COAL-MIXES. 

upon granite. Similarly, it has to be borne in mind 
that the coal itself may possibly not be present, al^ 
thongh the group above it and tbe gronp below it may 
be in their places ; but the order of the superposition is 
never changed. 

Those who learn their practical lesson in one single 
coalfield are apt to acquire notions about the phyaical 
conditions which require to be corrected by visits to 
other districts, to make them capable of general appli- 
cation. Thus, whilst tbe total thickness of the coal- 
measures in Shropshire and South Staffordshire is only 
from 1,000 to 1,600 feet in thickness, in North Staf- 
fordshire it reaches 5,000 feet, in South Wales 14,000 
or 15,000 feet, and in Saarbriicken, in Prussia, no less 
than 20,000 feet. 

The great bulk of the series of rocks, termed eoai- 
measures, consists of shales or indurated slaty clay, 
variously coloured grey, bluish, or black {clod, bindf 
batt, metal, &e., of the colliers) ; of dense clays, a bed 
of which almost invariably underlies every seam of 
coal (fnarrant, pounson, cluncfi, &c.) ; and of sandetoni 
{post, rock, or stone) of various degrees of hardness ani 
roughness of grain, though seldom containing pebble 
except in the strata which occupy quite the lower part 
of the series. The actual beds of coal, then, from an 
inch or two thick, up to 8 or 10 feet (generally con- 
sidered " workable" when above 18 icches or 2 feet in 
thickness), and making up in the aggregate perhaps 
100 feet of coal, form but an inconsiderable part, in 
dimensions, of the great mass of rocks with which they 
are interstratified. 

Whatever may be the form of the surface of the 
gTOtint!, it rarely happens that tbe coal-measureg under 
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ii, whether deep or ehailow, lie in a flat position for 
more than a small distance. They are found to incline 
{dip OT pitch) more or leas regularly from the moderate 
angles of 6 or 8° to as much as 25 or 30°, a " aharp 
pitching," or even in exceptional cases to 70 or 80' 
(rearing or cdffc scams). Whatever happens in this 
way to one of the beds, the others are similarly affected, 
becanse the strata throughout this system or group ore 
all conformable or parallel.* 

The inclined position of the beds wUI neceasarUy 
bring them at some point or other to the surface, un- 
less they are overlaid hy some newer formation de- 
posited unconformahly upon the ends of the upturned 
strata. Hence it is that a great insight into the cha- 
icter of a coal district may he obtained by a careful 
kdy of the surface, especially in brook-courses, which 
EL more or less in the direction of the dip and rise of 
I seams. If we follow out the subject over a larger 
)hall find many variations to take place, and 
\ coalfield aesitming a form which may be traced as 
I a map if the tract he surrounded hy older forma- 
tions, but about which there will be uncertainty if the 
m easnrea are observed to dip beneath other and newer 
jpaps of rock. When the beds dip for a whUo and 
1 ascend or rise, they form a trough or saddle, and 
len they rise on all sides towards the surface, as in 
the Forest of Dean, they constitute a basin. The out- 
line of the shapes into which the coalfields have been 
brought by the forces of elevation and depression may 
be studied in the geological maps ; but where these" , 

• Ceriain caaas lave bean observed in whicli one portion of the ooal- 
mOBfliiTU is slightly unconformable to another ; but this does not 
inteifere Trith the dootrine of Uie general parallelJBm of the beda. , 
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forces have exercised their powers on a grander scale, 
the rQeaaures are often folded back, corrugated, or con- 
torted in Euch a manner as to present great complexity. 
Examples of this may be seen ia Pembrokeshire, at 
Vobster, Somersetshire, and in tbe Belgian coalfield. 

In addition to this general disturbance from tke 
original — more or less horizontal — position in whicb 
the beds must have been deposited, they have been cnt 
through by inclined planes of fissure, and so dislocated 
that they are now lower on the one side of the line of 
fault than on the other. The amount of tkrom or leap 
may he only a few inches or feet, in which case the 
workings are not much affected ; but the movement 
may in many instances be shown to have arrived at 
hundreds, and more rarely, to thousands, of feet. A 
great number of these troubles withm a smal] space 
may render a seam of coal so "faulty" as to be worth- 
less ; whilst, if they are filled with clay, and snitahly 
distant from one another, they serve a useful purpose 
in dividing a coalfield into water-tight compartments, 
and a jealous eye is thence kept on their security. 

If we now turn back from the larger view of the 
whole group of strata, and look at the seam itself, we 
shall. note, first, its thickness, — an amount varying 
generally from 18 inches to 8 feet. In Somersetshhe 
they contrive to work seams with only 1 1 inches of 
coal I At Whitehaven and in the upper measures ia 
Fintshire, seams of 10 and 12 feet thick are worked. 
In South Staffordshire, 30 to 36 feet, at Pictou, Nova 
Scotia, 36 feet, and at Pottsville, U.S., 40 feet, are the 
thicknesses of exceptional seams, put together by the 
superposition of several of ordinary dimensions. 
Tery thick one will rarely be of clean coal throughoutji 
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partmga will occur, of clod or various earthy materjal, 
which, if of a few inches, may not occasion much iu- 
convenience, hat if they get to be more tlian 18 incliea 
or 2 feet, may practically interfere with the possi- 
bility of working advantageously. Iron [lyrites or 
brasses will sometimes run with a line of parting, and 
needs to be carefully picked out. The pftrtiuij;s su-c 
oftcD mere planes of division, and are t!ien sometimes 
smoothsurfaceSjSfe/wjrequiringcautioninundcrcntting; 
but are more generally films *f black, soft, and fibrous 
coaly matter, apparently made up of small fragments 
of carbonised wood. Then comes the pbysical condition 
of the coal, to whichever of the kinds above enumerated 
it may belong. Is it dense, hard and unjointed, it 
will be expensive to cut, but more \'aluable from giving 
a large proportion of "round" or massive coal. Is it 
divided, like the Derbyshire, by one set of bach or 
/aces, running most regularly parallel, it will need n 
special direction of the working faces. Is it, on the 
contrary, divided by two sets of divisional deal, as in 
Bome of the Northern coal, the direction ia not so 
important. These divisional planes are generally al- 
most vertical, but in South Wales (Pontypool, Mer- 
thyr, &c.) they dip at a considerable angle ; and when 
they here and there meet a " rider " inclined the other 
way, they form a loose mass of coal, very dangerous to 
unwary colliers. 

The^tfw, t/dll, or seat {pavement, Scot.), of ih^ coal 
is an underclay, generally good for fire-brick : if soft, it 
is apt to heave, under the pressure from above, into the 
opened roads, and greatly to multiply expenses. Here 
and there a quartzose silt forms the seat, especially in 
of the lowest seams (Yorkshire, Lancashire, Ac.) 
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It IB BO bard as to malro a capital road stone, known ai 
ganister, but bears the black rootlets thick in it, whic'i 
we see in the ordinary bottom-clay, spaven, or roarrant. 
The ganister is commonly a foot or 20 inches in thick- 
ness, and has clay again beneath it. 

Lastly, the roof or top of the seam is one of the most 
important items iu the economy of its working. A 
good tenacious shale or bind is the most favourable^ 
But rock or sandstone roofs there are, which will hol( 
up for a very great breadth of ground, and come dowa 
pretty manageably, whilst others can hardly be trusted. 
It is most fortunate that the frequent planes of diviaioh 
which almost invariably split up the coal, do not pass 
up into the roofs. If the immediate cover of the coal 
be too short or soft or cracky to stand well, it may bft 
necessary to leave some inches of coal as a roof, 
again (depending on tlie strata overhead), it may be 
better to rip down a foot or two (or even four or five 
feet sometimes) to afford security to tlie roads 

It mast not be forgotten that although the coal-. 
seamB arc, as a rule, more persistent and regular thi 
iiny of the beds of rock which accompany them, they 
are subject to variations which may influence their 
value, and often within a small area. The thinning by 
n gradual depression of the roof till sometimes the 
entire coal is gone, but for a certain width only, is a 
kind of fault {nip or ivant), that has often been noticed, 
and is confined to one seam, not affecting, or only 
slightly, those above it or below it. An interesting 
example of this kind occurs at Dcnby Colliery, Derby- 
shire, where a channel of 320 yards wide was found 
eroded in the " deep hard" coal for half a mUe in 
)engt}i, whilst the next scam above it, the "upper 8of^ 
eml^" ias proved continuouB, Mii!L\)eo'a'^o\V(i^o^CT.'3t^ 
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entire area. Another sort of tliinning is where tha 
floor rises, if sharply, in a " hog- back" or saddle; ii 
gently, like a swelling undulation, which subsides again 
in 10, 20, or 40 yards, and is succeeded sometimes not 
merely by the usual normal thickness of the coal, but 
l^ an exceptional amount, to make up as it were for 
the thinness to which it had before been reduced. 

One of the most notable examples of this kind is in 
the fine colliery of Soaton Delayal, where throughout a 
depression of 1,000 yards in length between the old 
and the new or Forster pits, and for 120 yards wide, 
liaeam is from six to seven feet thick, whilst on both 
it dwindles rapidly till much of it ia but 2 feet 
lea, and has been unworkable, 
the Forest of Dean the Coleford high Delf seam, 
;ing 4^ feet thick, is here and there reduced to 
less, and then rapidly expands till (MUcs' Level 
?) it attains 9 and even 11 feet thickness. 
80 considerable are more frequent in the 
than the upper coals, and coupled with the 
smoothly polished under surface which may occasionally 
be noticed, lead me to think that the coal must have 
remained in a plastic condition long after it was covered 
up with sediment, and that it has been much squeezed 
and monlded hy the various movements to which tie 
strata have been subjected. 

The introduction of bands of foreign matter, as part- 
ings, between the laminiB of the coal, has already been 
described ; and these, so apt in particular districts to 
multiply ag well as to increase in bulk, are frequently 
to be added to the other elements of uncertainty which, 
in soiaie regions more than others, render coal-mining 
a more speculative undertaking than it at first sight i 
would appear to be. ^ 
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k CHAPTER III. 

ORQANIC REMAINS, AND ORIGm OP COAL. 

Not n doubt can exist in the minds of those who hara 
either obBerved for themselves or fairly examined the 
description of others, that the coal has been produced 
from an accumulation of the remains of various kind*' 
of plants. The bod of fire-clay or clunck which lifls 
beneath each seam is full of roots and rootlets ; tlt( 
shale overhead is often so charged with the bright^ 
preserved fronds of ferns, flattened trunks, and varioi 
etrangeformsof leaf, as to rival all that ciinbeshowni 
princely conservatory. The sandstones contain : 
mentary trnnbs and branches, and the coal itself 
often be seen, on carefully dividing its laminte, to shoi 
the impressions of numerous vegetables, with 
intervals a film of soft silky " mineral charcoal 
whilst occasionally the structure of the plants has bei 
preserved by mineralisation, revealing in their Bli{ 
under the microscope the Flora of the primeval worl 
These appearances vary much in different coalfiek 
and in the different seams of a single field. Certain 
authors, especially Dr. Goppert, of Breslau, are of 
opinion that many seams can be safely distinguished 
by the difterence of the plants associated with them. 
Mr. Salter, following Mr. Binney and Professor PhiUips, 
has recently endeavoured to show, for certain seams of 
our own coimtry, that there are useful distinguishing 
characters in the animal remains (mollusca, fish, Ac) 
which often occur in the roof shales. But the subject, 
noble and every way interesting, has strangely been 
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left to the handling of occasional visitors of coUierieSj 
and needs much further inquiry. 

We will endeavour to put together a brief synopsis 
of the principal forms of vegetation which are met with 
in the coal-measures, premising only that whilst some 
500 different plants, derived from this source, have 
been described, a short sketch like the present will be 
. mainly useful if it lead the inquirer to study the works 
of some of the authors who have contributed to this 
branch of knowledge — Witham, Lindley, and Hutton, 
Brongniart, Goppert, Binney, Sternberg, Cord a, 
Dawaon, Williamson, Hooker, and Schimper. 

SiGiLLARiA. A great proportion of the actual coal 
appears to have been formed of this plant, which is 
often represented in the shale by the bark alone. They 
are sometimes as much as 3 to 5 
- feet iu diameter, and 30 to 60 
feet in length. Their beautiful 
Anted and symmetrically scarred 
patterns may often be seen cross- 
ing one another in luxuriant con- 
fusion in the roof from under 
which the coal has been removed. 
I had an excellent opportunity 
some years ago, in conjunction 
with Mr. Eeete Jukes, of observ- 
ing the bared upper surfaces of 
successive steps of the Dudley 
thick coal when it was being 
worked open to the daylight, and 
when they all showed fine im- 
pressions of Sigillaria. 

Eighty-three species are described by Schimper in 
his great work. They are allied to fee YixisdoVe O^^iSi 
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or club-mosses, the largest of whicli now living io 
tropical climates attains a height of only a few feet 

An elegant cone, often fonnd well preserved in iron-- 
stone among the coal shales, and termed Lepidostroha, 
is the fniit or catkin of the Lcjndodeiidron. 

Balonia, a stem from 2 to 4 inches thick, looking 
outline like a Icnotty blackthorn, is a branch of 
Lepid-odendron on wliich were borne sessile cones. 

Calamites. Jointed and striated stems occnrring 
abundantly in some of the shales have been compared 
by the unlearned with bamboo, but belong to the 
Equisdaccce. The fruits have been 
discovered beantifiilly preserved' 
and have been described by Car. 
ruthers, Schimper, and William- 
son, and their affinities with 
Equmtiitm established. The 
views of Brongniart that 
groups of plants, one Cryptft 
gamous and the other PhanerOr 
gamous, are inclnded in the 
plants generally called Calamites, 
though still held by some French 
authors, cannot be maintained^' 
These palffiozoic EquisetaceaAo not: 
differ more from their living allieS: 
deooratiifl. than the SigiUaria and L^aidO' 
[nsUoBtoraiaiie.) dciidra from Vniag Lycopodiac&B. 
The Calamites have also been found in their original 
erect position, the root end tapering and curved 
towards the main axis.* They seem to have formed 
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^cal arms extended iu every direction, branchia^ 
mes into two, and fhe Bmiillcr onc» itito two 
, and thus occupying an area of many yards. 
I the little tubercles regularly arranged ou tho | 
(fWere given off innumerable rootlets, wliich wo j 
^ueezed into narrow curboniaed ribandH, ] 
I wnfnsedJy interlaced witli the clay, and stretching for ■ 
Imany feet away. These are found retaining their ' 
I original form when they have been preserved by being 
I embedded in a qnartzose silt, like llie gani&ier bed of 
I gome of the lower coats, when it becomes evident that 
I each was attached by a curions rounded base resembling 
I a ball and socket joint. 

LlPmoDENDRON. The trees of tliis beautifully ' 
f marked family also attained a length of upwards t>f 
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(LeBotwood CoUierr, ^hjopahire.) 

forty feet, and are referred to some sixty species. The 
is the more extraordinary when we realise that 
the S!ffU^ria they belong to ttic Lycopodiaccn 1 



bare not yet been obtained specimeus to show tb 
relation of the fraits to the stems. 

Again, in the films of soft mineral charcoal i 
"mother-of-coal," which, of the thickness of a knife- 
blade to a quarter of an inch (rarely), ruu evenlj 
between the brighter lamlnfe of the coal, fregnent i| 
6ome, absent in other seams, the angnlar fragment 
of woody-looking substance, all mashed up together 
ptesent in many instances this araucarian structure 
Other portions exhibit a hast tissue, or elongated cellflj 
from the bark of Sigiliaria and Lepidodeitdron. 

Of this highly organised class of trees, the moa 
abundant reraaiuB are referred to one genua callei 
Armcnrioxyloii. 

Ferns, or Filicites. These graceful relics of i 
former world of vegetation adorn the shaly roofs ( 
many of the coal seams, sometimes clearly spread witi 
their black tracery on a grey ground, a true specimei 
of nature-printing; at others tossed and tumbled t 
wild profusion throughout several feet in thicknea 
of the roof-stone, A careful eye, and still better i 
aided by a microscope, may often see their traces in t' 
coal itself, and in some of its did! unpromising 
mny descry innumerable spicula; or hair-like needlea 
which Dr. Dawson refers to the vascular bundles ( 
decomposed plants of this tribe. 

Certain botanists have named and described hundred 
of Bpccies ; others, more cautious, remind us that con 
lidorable ditTorenco of appearance may be seen on tit 
novoral fronds ol' one plant, or even on ihepinnw of tb 
pamo frond ; and thiit the number of species may fheno 
havo to bo reduced. 
'^ general ruHeinhlanco to ferns of the present da; 
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must not be confoundeii ■with identity of species or 




Hg. 6. 1-emptfris plcroMoi. (HkU nntmal niis.) (Forest c< Dem.) 

even genua. It is to be ]'emembered that the whole 
of the coal-measure ferns 
are utterly extinct, and 
their place in nature is 
supplied by fresh races, 
Pbcopteris (adherent 
fern). The name Ale- 
TH0PTEEI3 ia given to 
those species in which 
the pinnuleB are long 
and narrow. The leaflets . 
adhere by their base to 
the racbis or stem, and 
are travereed by a strong f 
mid-rib, from which veins 
branchoffalmostperpon- I 
dicularly ; some of them \ 
flimpie, some bifurcating, 
but never intersecting 
Sometimes found with 
fruit patches (son) in the back of t.hc ftuixiXa, 
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Neuropteris (nerved fern). Leaves more or leH 
lieart-Bhaped and entire, not adhering by their base or 
to one another ; veins very fine, dichotomous, arched 
as they riae obliquely from the base of the leaflet. 




bears a general resemblance to the recent Osmund 
recalls, or royal fern. The leaflets are sometimes 80 
long aa to suggest comparison with examples trf 
Glossopteris, an oolitic species, and with the i 
Hart's-tongne. 




h hphBiiojiWiTii InOfoliiL FeUipg Col] fry "Jeweosllo (Half 

StESKOPTEKis (wedge-fern"). Yerj Natiable general 
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aspect ; leaflets contracted at their base, lobeil, and the 
lower lobes largest, reminding the observer of oor recent 
Adianium ; veins on the leaflets radiating from the base. 
The Odontopteius, or tooth-fern, and LoscHOPTERia, 
or spear-fern, are genera which occur less frequently 
than the above. 

Some of these fronds appear to have belonged lo 
low plants, others to have grown on large and lofty ' 
trees; and certain trnnks, called Cauloptcria and 
Pal<eopt{Tis, exhibiting clear and frequent scare left 
after the fall of the fronds, represent the tree-ferns of 
the carboniferons period. 

Lastly we must not omit to mention a kind of plant- 
remains which have engaged the attention of but 
few, but which have played an important part in the 
making up of certain coals. 

These are broad, parallel-veined, elongated leaves, 
referred by authors to very different plants. The most 
frequent, which were described by Corda as Flnbellana, 
We been since termed Cordaites, and have been referred 
by Schimper to Cycade^v ; but they may belong to a lost 
type of Cryptogams. The vast numbers of them, layer 
upon layer, visible in certain cases, testify to their 
having accumulated in thick banks. 

Ko single circumstance about the coal vegetation is 
more remarkable than its uniformity over a large 
imrtion of the world. It has long been known that a 
great part of the plants of this epoch are alike all over 
Europe, and even North America. In South America, 
South Africa, and Australia many of them occur, and 
at Melville Island, in lat. 76", and in other boreal 
Bpota described by Arctic navigators, similar genera 
«e found. 
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It hag hence been argued that the climate of the 
globe wiis at tliat period more equable ; and advancmg 
another step from this basis, the earlier gcologistB 
supposed that it was owing to a generally diffused 
higher t€mperature — an intermediate stage between 
the original globe, of fhsed matter, and our own times, 
of a cooler crust. Bat more accurate investigations 
have set aside this hypothesis, and shown that the 
general type of the coal flora is that due to a warm- 
not hot— climate, in which moisture was very abundant, 
To account further for the inordinately luxuriant 
growth of the plants which made up the fossil fiie!, 
Brongniart suggested the hypothesis that the atmos- 
phere must at that period have contained a much larger 
percentage of carbonic acid (poison to animals, but 
nutriment to plants) than it does now. And when we 
consider the enormous volume of carbon in the coal and 
carbonaceous beds, which must have been obtained from 
carbonic acid, and add to it all that which has heeu 
locked up since in making the thousands of feet thick 
of limestone, or carbonate of lime, we certainly have a 
cause which must have played its part. "RTiat were the 
animals which at this time tenanted the globe, is an 
interesting but difficult inquiry, when we consider ths 
accidents on which it depends that the remains of land 
animals should be preserved for our study. The 
Archwffosaurus was the first coal reptile found (in 
Bavaria, 1844), one probably intermediate between the 
batrachians and the sanrians ; but the last few years 
have added several to the list; one of them, the 
Dendrerpeton Acadianum, having been curiously found 
by Sir C. Lyell and Dr. Dawson in the hollow stonip 
of an erect Sigillaria. 
Quite recently, in November, l&S^i^vo^essox'Ssx* 
jer has been able to determine, in a cj^a^tiMwi-o. 
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ipecim ens obtained from the Jarrow Collierj-, Kilkenny, 

less than foiu-, if not five, genera of Ampbibiao 
IjabjTinthodont reptiles." 

Among the other vertebrate animals fishes were 
unmon enough, their teeth, scales, and spines beJDg' 
abnadant in many of the roof shales. Agassiz 
itecribed above 154 species from tlie coal-measures, 
i great part of them predaceoas, and stated to be more 
Mghly organised than any living fish. 

Of the Mollusca vast qnaDtities are foand, best pre- 
letved by being imbedded, petrified, in nodules of iron- 
itone, or flattened in the shales. 

In association with the lower seams of coal, in most 
if oar British fields, shells of a decidedly mRrioe 
disracter occur. Sometimes one seam, sometimes 
■everal, will exhibit in its roof of black shale, nnd 
(Ommonly within a few inches of thickness, multittidce 
(if apecten or comb*shell (Aviculo-pectenpapyracaus), 
mil of a curled chambered shell, somewhat like a 
Mutilus (Goniatites Listeri), with rarer examples of 
Prod«etus, OrthoceratUes, Lingula, &c. The bivalve 
Anihacosia, much resembling the Unto, or Horse- 
finssel of oiu' fresh waters, is sometimes found in the 
Ame group of denizens of the sea. 

Throughout all the middle and upper measures, the 
peat bulk in fact of the coal-producing strata, Antlim- 
tma alone, with some rare exceptions, out of all the 
ihove, continues its existence ; but this sometimes in 
inch quantities that entire strata ("mussel-bands"), 
of several inches thick, are made up of them. To 
Ihese may be added Mr. Salter's genus Antkracomya, a 
Bud-burrowing shelJ, occnrring also in dense \)ft4s V^*! 
&txe of tba modern mussel. The black 'baii.A Ytow- 
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table matter, Btems, roots, leaves, &o,, had accumulated, 
like the pulpy masa of a modern peat-bog, the smface 
of the area waa, with miich uaiformity, depressed, 
Then would flow back the waters, fresh or salt, ovlt 
their ancient domain, and, according to the sediment 
they were able to carry, would deposit sand or mad to 
be one day known as the rock— or the ehale-roof. Thfl 
MoUusca above enumerated then burrowed in the soi? 
ooze, close upon the top of the buried vegetation ; in 
many cases the stumps of the old forest remained 
standing, whilst mud or sdt was deposited around 
them, until the central portion of the trunk would rot 
away, serve for a time as an asylum for some of the 
lizards or land-shells of the period, and then get filled 
in with petrifying matter. As the water deepened il 
was haunted by fish of many kinds, whose cxuviie fell 
to the bottom and were there buried iip, and thus bed 
after bed of sediment accumulated, sometimes to tk 
depth of a few feet, sometimes to hundreds of yards— 
if the continuous depression of tho land was maintained 
— until circumstances favoured again the formation of 
a proper soil (the mider-clay), and of a growth of trees 
and plants, when we should have a recurrence of the 
same phenomena. 

An enormous bulk of vegetable matter would be 
needed thus to form one of our thicker seams of coala ; 
but we have seen how the latter are generally divisible 
into several beds, and these again into thin laminffi, 
whilst we know that peat-bogs of the present day, 
without the special advantages of the coal jungle, attain 
depths of 30 or 40 feet. It has been estimated that 
eight feet thick of packed woody substance would b« 
needed to make one foot of coal ; but we may take it' 
fuegraated. that such an amount wo\iVi ^f^Ta'SKoS, 
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Taction of the total amount of vegetation tLat 
irished at the time, since moch of it most douhtleaa 
■e escaped from the preservative process of interment 
We cannot afford space to dwell on the chemical 
ument by which this derivation of the different kinds 
coal is shown to be probable; bnt the following 
le, borrowed from Dr. Percy's " Metallurgj'," sup- 
SB at a glance an illustration of the successive etepa 
tbe change from woody tissue to anthracite. The 
portions of carbon in each substance being taken at 
constant amount of 100, the hydrogen and oxygen 
L be fonnd to have been more and more eliminated. 

Cnrbon. HydtOKen. OiygBO. 

1. Wood (mean of 28 analyses) . . 100 1218 B307 

2. Feat 100 935 S5'GT ^1 

3. Lignite (arerage of lu varietieB) . 100 S-3T 42-42 ^| 
-1. Ten-j'ard coal, South StafCbidahire 100 612 21.23 ^H 
5. Steam coal Irom the Tyns ... 100 a'91 IS'Sa ^| 
0. Pentrefelin coal, South Wales . . iOO 47S 628 

7- Anthracite, Pennnrlvania . , ,100 2-SJ 174 

yhen the buried forest had once been fairly covered 
by bimdreds, and aa the land sank, by thousands of 
; of rock, we may conceive it subjected to those 
ditiona of pressure, temperature, and moistm'e, 
,cb vrere needed to change it into that condensed 
n of fuel now so necessary to mankind. 
Lnd when at length, after ages of due preparation, 
dons of the coal formation were upheaved into the 
nds and continents, the seams of coal were brought 
) a position to be accessible to man, and the forces 
the sunbeams, which fell upon the jungles of tbe 
neval world, are again unlocked and made subscr- 
it to our use, when we now decompose by burning 
96 compounds which had been called into emtenoa 
lie solar light and heat 
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■ CHAPTER IV. 

COALFIELDS OF THE NORTO. 

In order to enable us to form a clue estimate of tfat 
coal resources of the yarious countries, we must glanct 
at the extent and character of the coal-measureB as 
they are developed in the different districts ; and slnca 
thehistory and commercial importance of the coalfield 
of Newcastle give it the pre-eminence, we may conve- 
niently start from that focus of activity. 

It must ho premised that the limits of a coalfit 
are not to he confounded with the area coloured 
" coal-measnrcs " in a geological map; for althougt 
in some regions (as in South Wales) it is one and the 
same thing, the coal-seams are often well known and 
largely worked beneath other newer formations, whidt 
in a map are represented by their proper colour^ 
whether they overlie coal-measures or any other oldet 
rocks. "We shall, therefore, in many instances have to 
speak of a coalfield as such, where it signifies tU 
extent of proved coal-producing ground, whatever tbi 
mere covering may be composed of. 

On examination of a geological map it will 
that, coming southward from the Durham coalfield OD 
one side of tho central chain of North English hill 
country, and from that of Cumberland on the other, 
large interval separates them from those of Yorkshire 
and Lancashire respectively. It will be seen, too, that 
there aro certain features of connection in each 
between the East and the West, which it is not so easyw 
establish between North and South, and we may there* 
fore take one division for this chapter as including tbB' 
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coal regions north of a line drawn from the mooth of 
the Tees westward through Kendal and the south side 
le Lake country. 

int eq^uidistant from the Iiieh Sea on the west 
the North Sea on the east rises the broad backbone 
h'tl country, composed of the carboniferous hme- 
with all its numerous subdivisions ao carefully 
by the lead-miners of those breezy fells, and 
on ita culminating points, and on the high 
id extending for many miles breadth on the east, 
iping of millstone-grit. On the west side, or 
towards Penrith, this main chain has been greatly 
disturbed and abruptly broken at an early geological 
period, whilst on the other side the land slopes more 
uniformly from the high ground. The strata here, 
inclinmg gently eastward, partake of the same regula- 
rity, and aa we proceed towards the coast, succeed in 
ever ascending order till the various coal-seams " put 
in," one after the other, and are at length similarly 
capped by the maguesiau limestone, and soon after- 
wards — not cut off, but surmounted — by the sea. The 
field of the Blythe, I^ne, and Weai-, so-called after 
its rivers, extends from the Coquet on the north to near 
the Tees on the south, for about 50 miles in length, 
with a breadth of about 20 miles for a great part of the 
way, till it narrows to a point when it passes north of 
the Blythe, an area in all of 705 miles. For some 
miles in breadth along the western side, only a few of 
the lower seams are worked ; then, in a line ranging 
through Newcastle and Durham, we get the full num- 
ber of the workable seams; and again, following a 
sinaoufl course from Tynemouth past Houghton-le- 
Brring to near Bishop Auckland, the overlying 
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permian formation succeeds, represented by a geDeraJly 
bold ontline of magnosian limestone resting on the 
irregular lower red sand, wliich, from its water-bearing 
and loose properties, presents great difficulties to the 
fiinking of shafts eastward of this line. 

In former days this upper was confonnded with the 
lower (carboniferous) limestone, and it was supposed 
that a limit was thus formed to the coalfield on either 
side. It was, therefore, a bold step, when the Messrs., 
Pemberton, relying on true geological reasoning, df 
termined to pierce downward from the coast near Sun- 
derland, and search for the hidden coal-moasures beloi 
Their famoiis Monkwcarmoutb pit was commenced il 
1836, and had to pass through 330 feet of this newer" 
formation, towards the bottom of which no less than 
3,000 gallons of water per minute had to be raised by 
pumping power, until it was successfully tubbed off, 
At 285 fathoms depth they cut the Hutton seam, 
having previously intersected the Maudlin or Bensham 
seam 20 fathoms higher. And these results appear to 
establish a curious point in the configuration of the 
coalfield. The seams which thus lie nearly 1,700 feet 
below the sea at Sunderland occur at a less depth as 
they pass to the north and to the south, whilst west- 
ward they rise to their outcrop at Howes GiU — au 
elevation of 740 feet aiove tho sea, giving a difierence 
in level of 2,440 feet. It would appear, then, that this 
is the deepest pai't, or a sort of transverse trough in 
the stratification ; but as the measures have generally I 
a gentle inclination eastward, where they have been ' 
sunt to along the coast, it yet remains to be provcl 
whether the deeper part of the entire basin does not lift 
further seaward, and the probability remains of a 
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' this prodactive coalfield extending bene&th Uio 

Ocean. At. these deep pits, and Unwe nf 

i^e and Seahani, also sunk Tvithin tlio last few 

i small distance from the coast line, t)io 

ier seams of tbe field have not yet been reacliod ; 

I from sections obtained in the shallower pits io tUa 

j the Buccession is perfectly well known. 

e total thickness of the measures from the lowest 

L seam upwards may he taken at little more 

% 2,000 feet. The upper half contains only a few 

nrkable beds, tbe lower half ail the vnlnablo seams. 

I field, as in all others, tbe thickness and cha- 

f of a particular band of coal will be found to 

i and that to such an extent as to occasion much 

alty in identifying the seams of distant pit*. A 

ftwhich is suitable for steam purposes in one part 

i area, will be more fitted for household use in 

(her ; and that which is the mainstay of a colliery 

e locality may be barely traceable in another. 

e chiefly important seams are the following -.-^ 



I ISoiM/m and Eebbum Fell seam 

1 High mEin 

I 3f eUl coul 

I Tard coal (Mam coal oC Hetton, 6 feet) . . . 
~ lauham or Maudlm, i feet 8 incbea nt Monb- 
irearmouth 

L Tire-quartor (Low mnia at Monkvoaimouth) . 
' Xow main (Huttan Beam 4 feet on the Wear) . 
'■Crow coal, generally thin, at Rjlon .... 

Five-qoarter 

Bnler 

Townlcy main 

Stone mil, or fiTe-miarleT 1 . 

Sii-qnarlcr J . 
Drockn-eU , 



J Busty Biitik. 
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e Domb^ of seams found to be workal 
in any one section mar, I believe, fairly be taken 
twelve, with aboat 50 feet of coal in the aggregate. 
Great advantages exist in the district : 6rst, in I 
giOMral regalari^ of the measures, dipping at a t| 
moderate angle, commonly about 1 in 20 ; the ct 
I TOoicnt thickness of the seams, from 3 to 6 feet ; 1 
sellent qualities of the coals, and the asual goodm 
f the roof', which allows of wide working places a 
, witli a very small expenditure of timber. 
a are the considerable depths of tho sinkii 
b dta newer pits, the watery strata to be pierced, 
t Uijre amoimt of fire-damp giving ofl' by many 
) 9Mms. 

Fanlta at slip-dykea are few and far between 
i with most coalfields, and the whin or basal 
h tnTerae the district in au east-south-e 
kltbovfh they injure the coal on both sil 
wf lh«<m h> a diatance of some yards — are not found 
t(o*»Hi;-» *'*'l intorfero witli them as they do in Scotli 
«nJ S>»tnh SlAllwnlBliire. Among the ordinary faal 
iW Wivl i\Mt)arkablo is the great 90 fathom dy] 
ltint."*i— «pjVArii^ on the coast near CuUercoats, whi 
ii ttk*|>U^'«tt lti« Simla to that amount — ranges p 
^t'.'tt^Mlh l»> iy*,vdiHi, and Ihcu entering on the mi 
Kit^y s****"*. *"<»>■ ^^ tracovl westward through i 
Uamm»v4w» rau^u* IM Ihtf new red sandstone in the neig 
kviMtviHxl tvf 0»rli»lp. Along this part of its course ^ 
lAnMWi. ihvHVjth varinbU', is sufficient to inlay, as it 
«* iW niTlh aide a long strip of coal measures, ai 
UniM w giv« vm to the collieries of Stublick, Mid| 
WJw, '?>uikl Fell, &0. 
'iW variatiima in quality of the seams as they ran 
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through, this extensive field give rise to different com- 
mercial applications. The best " hoiiBchold coal," 
commonly called after the well-known Wallsend pita, 
extends from the Tyne to the Wear, and from the laat- 
named river to Castle Eden, and occupies another area 
about Bishop Auckland. The denser white-ash steam 
coal characterises the district beginning some five 
miles north of the Tyne ; whilst the tender coals, which 
*fFord an admirable coke, are largely worked all along 
the line of the outcrops on the west, from Wylam and 
Eyton down to the outskirts of lUby Park, 

The total production of the Durham and Northum- 
berland field, which, in 1854, was 15,420,615 tons, is 
for the year 1864 no less than 23,284,367 tons.* This 
enormous increase is in great part due to the rapid de- 
velopment of the Cleveland iron district, in North 
Yorkshire. The iron furnaces in the three districts 
fed with the coal from this field were, in 1854, as 
many as 58; in 1865 they were augmented to 105 
actually in blast ; and as huge quantities of Durham 
coke are now conveyed to the western coast for the 
smelting of the hematite ores, the total quantity of 
coal thus consumed is probably mnch more than 
doubled in one decennium. 

CuMBEiiLAKD CoALFiELD. — In the moTtntftin lime- 
stone district about Alston, two or three small seams 
of anthracite {p'ow coal), mostly of but a few inches 
thick, have been worked for lime-burning, Ac, yet axe 
of little commercial importance. But a remarkable 
I change occtu-s on their passing the great di/he, or fault, 
above described ; for on the line of the Newcastle and 
I Carlisle railway one of them has been worked at 
' Bleukinsop, of good bituminous character, and no less 
STO, 2T,613,539 toaa. Id. ISIS, 3Q,U^,%'4^'WiM>. 
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than 6 feet tliick, surmoutited by a limestone roof. As 
these seams pass northward they increase in nnmba, 
and iioportance, till in the farther parts of Northum- 
berland they are described by Mr, Boyd as being twelve" 
in number, from 2 to 4 feet each ; and thus it is that 
they form an introduction to the series of limestone 
coals so valuable in Scotland.* I 

On the western side of the great limestone chain 1 
slight indications of much-disturbed coal-seams occur 
near the base of the great Cross Fell escarpment; but 
the important part of the Cumberland coalfield only 
appears distinctly on emerging from beneath the red 
sandstone cover, south of Wigton, whence it laps ronud 
the older rocks of the Lake District, by Maryport, 
Workington, and Whitehaven, to its termination, neai 
St. Bees. 

The total thickness of the measures, as well as the 
number of seams, ia notably less than in the Dorhai]] 
field, whilst its length is under 30 miles, and its prored 
breadth about 6 miles. The quality is also inferior fo* 
household coal, and very much so for coking. CeP 
tain of the seams are, however, remarkable for thick- 
ness and regularity, as well as the peculiar circum- 
stances under which they have been worked. These are 
best exhibited at Whitehaven, where along a coastiine 
of nearly 2 miles extensive operations have been carried 
on by Lord Lonsdale to the distance of 2 to 3 mile 
under the sea. The strata here dip slightly seaward 
but are intercepted by a numerous succession of fault* 
which have rendered their exploration unusually difficult 
and expensive. Fortunately, the dislocations have 
of such a character as to allow of this large area bemg 
1 the TnmsticUons of the loalitula 
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mainly yorbed by horizontal roads drivea off from tho 
William, Wellington, Croft, and Saltompits, at depths 
of from 100 to 150 fathoms. The principal seams 
(omitting two or three tliin beds above and below) 
are as follows : — 

Bumock band, G It. 4 ijiB. to 10 ft. 11 iuB., iDcluding 11 im. to 
S ft. 6 ina. of " metnl" parlinga. 

Btraia 20 tms. 

Maia liand, E> ft. to 1 1 ft. 9 ina., with occuional pitrtiaga of 2 ing, 
to I ft. 3 ins. 

BtratQ 40 fms. 

Sii-qnarter band, i it. 

In the year 1765, M. Jara states that operations had 
already been extended to the distance of a quarter of a 
mile under the sea; that three seams were in work: 
an upper, rather stony, 5 feet coal, used for salt-mak- 
ing; the second, 75 fathoms deeper, the Bannock band; 
and the Main band of 10 feet thick. Wooden rails 
were in use, and the drainage waa effected by four fire- 
engines, two of which stood on the sea-shore. Fire- 
damp appears to have been very troublesome, and it is 
a remarkable fact that the manager of tho mine had 
at that early date proposed to the authorities of White- 
haven to lead pipes through all the streets of the town 
to light them at night with the natural gas. 

At Workington the seams were also wrought be- 
neath the sea, but as they rose towards the bottom of 
the sea, they were followed up too far, and as due pre- 
caution was strangely disregarded, the sea burst in in 
1837, and the lamentable result waa the loss of thirty- 
six human lives, and the entire destruction of the 
coUiery. The same seams are extensively worked on 
their rise at tho Clifton and other collieries in the 
valley of the Derweut, and again towards Maryport 
and Wiffton, 

d2 
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The total production of thia county has increaaed 
from 887,000 tons in 1854 to 1,408,935 tons in 1870.' 

Coalfields of Scotland. — In tracing northwards tbe 
great calcareous mass which forma the mountain lime- 
stono of Derhj'shire and Yorkshire, we have seen ahove 
that when it enters Cumherland and Northumberland 
it hag already greatly changed its character. Divisional 
strata of shale {plate) and sandstone {Itazel) separate 
the hands of limestone, and coal seams make their 
appearance, which, beyond the great 90-fathom dyke, 
attain considerable technical importance. And wkea 
at length we cross the border, and enter upon the 
Scottish area, we find this formation — lapping round 
the groat upheaved districts of older rocks ranging 
from Kirkcudbrightshire to Berwick — to contain a 
valuable and largely-worked series of coal-seams. 

The range of the carboniferous formation in Scotland 
extends from the coast of Ayr to the mouth of the 
Frith of Forth, and over an irregular width of from 
20 to 30 miles ; but as regards the workable portions 
it is broken up into several distinct fields, partly by 
the uprising of the lower coalless strata, and partly by 
the interference of vast masses of igneona or trap rocks 
(the whin of north England), sometimes bedded, 
at others injected as dykes. 

The full thickness of the coal-bearing strata is well 
shown in the coalfield of Midlothian, east of Edinbai^h, 
where a district of about 9 miles long by 2 or 3 milea 
ffide, is occupied by "measures" perfectly analogonE 
in character and contents to the English coalfielda-f* 

• Thi» amoant WM not exceodcd in 1878. 

t See Mr. TVlilnea' accomit of thia coalfield in the Tnma. Eoy. SM 

Ed., imd Mr. Howell's descriptioii in ths Ucmohs of the OedogiMl 

Sarrejr, ISSl. 
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In a total amoimt of about 1,200 feet, including ft 
middle band of 200 feet of nnproductive rock, are 
developed some twelve seams, mostly from 2 to 5 feet 
thick, althon^h one of them, the "great seam," attains 
a thickness of 8 to 10 feet. 

Below these comes the millstone grit, of 340 feet 
thick, and then in descending ordur the carboniferous 
limestone, with a total thickness of 1,590 feet, but 
containing, along with ouly some 40 feet of limestone 
in many thin bands, a series of about seventeen beda 
of coal of from 2 to 5 feet each (Howell). 
The lower limestone is without coal. 
Mr. Matthias Dunn, writing in 1830, gave an in- 
teresting description of the working of the outcrop or 
edge coals, which, in a measured section at Niddrie 
Colliery, he states to be twenty-four in number, work- 
able seams, with a total thickness of 95 feet of coal in 
4,344 feet of measures, included between the " grama- 
cham " or " diamond " above, and the " north greem " 
seam below, which rests nearly upon the thick encrinital 
limestone. 

The Fifeahire coalfield, as described by Mr. Landale, 
presents a valuable array of seams, one of which — the 
Dysart main seam — attains the unusnal thickness of 
21 feet ; but this region is much dislocated by faults 
and interfered with by igneous rocks. 

Passing westward through Clackmannan, Stirling, 
and Linlithgowshire, we come to the important fields 
of Lanarkshire and Ayrshire, where the chief features 
are the admirable gas or parrot coala, the moderately- 
thick splint coals, used for iron-smelting, and the black 
bands, or beds of carbonaceons ironstone, which have 
for many years been the mainstay rf tW ' 
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productioii of Scotch pig-iron. Mr. Ralph Moore, adopt- 
ing a Bimilar three-fold division to that above cited, 
states the general character of the section to he — 

1. T!ie true coal-measares, 840 feet, from the npper 
4-foot coal down to the slaty-band ironstone, in- 
cluding ten scams of 2 to 5 (and in one case 8) feet 
in thickness. 

2. The millstone grit, 980 feet. 

3. The limestone series, 2,200 feet, with three be^ 
of black-band ironstone, and several seams of good 
coal. 

The importance of the coalfields of Scotland may be 
inferred from the fact that in 1854 the production of 
coal was 7,448,000 tons, from 367 collieries ; in 1870, 
14,934,553 tons, from 411 collieries.' 



COAUTELDS OF CENTRAL ENGLAND. 

If the reader will take in hand a geological map of 
England,! and fix upon the curious rugged hill d, 
Mow-Cop, near Conglctoo, as his 'centre, he may dra* 
a circle with a radius of 60 miles, which will embrace 
sixteen patches of coal-measures, being fields and 
basins more or less separated from one another, (Jeo- 
• III lfi78, 5Si collieries produced 17,837,282 tona. 
t It has been thought unneceesaiy to insert a map in this littk 
Tolmoe, when so many good geological maps on a, useful scale u 
before tho public. As a series arruiged according to increasing ns 
maybe recommeaded Sir Rod. Murciuson'a little map prepared b 
the Society for tlio DifTusion of Useful Knowledge ; Prof. BamHj'l 
Eog-knd and "Wales ; Knipe'a British Isles ; and Greengugh's ,' 
jusp, edited by the Geological Socaetj. 



COALFIELnS OF CENl-RAL ENGL.VSD. 65 

logically, we have very good teaaona for assigniDg a. 
common origin to the whole of them, and considering 
them to be the separately visible portions of one vast 
deposit, which, in the coarse of ages, has varionely been 
depressed and covered up by newer strata, then up- 
raised and denuded in part, so that — after the fashion 
of Virgil'a famous oalc-trea — whilst the higher portions 
may have stood 8,000 feet above the crests of the Peak 
of Derbysliire, the lower beds approximate to Tartarna 
by dipping down from off the Buxton moorlands to 
a depth of some 12,000 feet beneath the plains of 
Cheshire. And the inductions of geology in this respect 
will at no distant day he required to solve a question 
of national moment — the continuity and position of 
the coal-measures between these apparently disjointed 
fragments. 

Yorkshire and Derbyshiub. — From Leeds to Kot- 
tiugham there extends an unbroken range of coalfield, 
65 miles long by from 8 to 20 miles wide, inclining on 
the whole gently to the east, where it is covered in 
succession by the lower red sand, the magnesian lime- 
stone, and the new red sandstone. Whilst, therefore, 
bounded on the west by the outcrop of the beds, it is 
on the east only overlaid by newer formations, and in 
all prohability extends far beneath them. 

The thickness of the measures where fully developed 
(which is not the case until some miles away from the 
outcrop) is about 3,000 feet, out of which the lower 
several hundred feet are chiefly noticeable for the occur- 

I rence of flagstones, and of coals with ganister floor, 
whilst the shales contain the marine shells, already 

I enumerated at p. 39. The chief seams of coal and 
ironstone are found in greater numher towards the 
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bottom than the top of the meoanres, and the forma; 
may be taken on the average at sixteen in number, 
with 45 feet total thickness of coal. The most remark* 
able of the seams is the " top-hard," which, in Derhy- 
Bhire, is 5 to 6 feet, but increases on passing into 
"Yorkshire, till it becomes the "Bamsley thick bed,' 
of 9 feet. Another eeam, now well known in the 
London market, is the " Clod " or " Black Shale" of 
Derbyshire, the " Silkstone" of Soath Yorkshire; and 
one of the purest house coals ever seen is the "Kil- 
burn coal," a bed only developed in the south of 



In these counties, then, with the adjoining Notting-i 
hamshire, we have the largest continuous coalfield in' 
England; for we may estimate that it occupies about 
800 square miles. But one of its most welcome fea- 
tures is its prolongation eastward, fii'st proved on the 
large scale by the Duke of Newcastle's spirited sinking 
at Shireoak, where — commencing in the red sandstones, 
at the distance of fire miles from the visible coalfield, 
and cutting the top-hard coal at 510 yards deep — it a 
not only shown that all the measures are in their proper 
place, but that they may be expected to lie at moderate 
depth and an easy inclination. It may be roundly said 
that this success assures us of half as much again to be 
added to the resources of the coalfield, and a speculative 
mmd will reckon on a still larger augmentation. 

Lancashire. — More irregular in form, and much 
intersected by great faults which dislocate the strata, 
to the amount of hundreds of yards, this coalfield is 
one of our noblest. Crossing to the westward the 
ridge of lower rocks which separate it from Yorkshire, 
a watchful eye will recognise the re-entiy into the 
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of the various seama which had been seen to 
pass out on the opposite side of the hills. Especially 
ia this to be noted with the Ganistor coals, and the 
pecnliar fossils in their roofs, and with the Arley mine 
or seam, which occupies the place of the Black Shale 
or SUkstoue, 

As a general feature, althoug-h much interfered with 
by the great dislocations, the analogous arrangement 
to that of Yorkshire is observable, viz., that the seams 
incline oft' from the high country of the moorlands, 
and are sncceeded, after occupying a variable breadth 
of surface, by the newer beds of the Permian and 
Trias formations. But the total thickness of carboni- 
ferous strata, as well as the number of coals, is much 
greater than on the eastern side of the chain of hills. 

Mr. Binney, the assiduous explorer of this field, has 
long since found it convenient to divide its thickness 
of above 7,000 feet into three portions, aa follows : — 

1. Upper coalfield, including the peculiar Ardwick 
limestones, with numerous fish-remains, and seve- 
ral thin beds of coals, 

2. Middle coalfield, 3,600 feet, containing all tho 
more important seama from the "Worsley four feet 
downwards. 

3. Lower coalfield, or Canister series. 

The chief centres of activity are St. Helens, Wigon, 
Chorley, Bolton, Manchester, and the outlying tract of 
Burnley. The seams are generally from three to six 
feet thick; one of the most noted is the excellent 
Cannel of Wigan, three feet, sometimes occurring in 
close proximity to the "King-coal;" and here, as at 
Pendleton, Pa tricroft, &c , near ^auc)cift?>V^T , -s^^i 
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extensive collieries are worked at depths of from 401 
to 600 yards.* The total number of seams above twi 
feet in thickness ia on the average 16 to 20, with aboi 
70 feet of coal in the aggregate, whilst the entire art 
is given by Mr. Hull, who has examined it for thi 
Geological Survey, as being 217 square miles. 

Cheshire. — The Lancashire is continuous on thi 
Bouth and east with the Cheshire coalfield, so that i 
narrow strip belonging to this latter county exhibits i 
very similar succession of strata. A special intereB 
has been given to its mining by the fine shaft (the 
deepest in England but one) sunk by Mr. Astley, 
Dukinfield, to the " Black Mine," at the depth of i 
yards ; and pierced through no less than 23 workalJJ 
coals. Towards Congleton this coalfield fines off, andii 
divided by a very narrow interval from that of 

North Staffoedshirb. — Here a very singular plica- 
tion or folding of the strata brings in a most valoabli 
succession of coal-measures, amounting in the whole U 
about 5,000 feet in thickness. 
V 1. The M/iper^or^/oH of 1,000 feet contains a quantit| 
■ of red and purple clays, much used in the potferif 
r for bricks, Ac, and only a few thin coals. 

2. Pottery coals and ironstone measures, 1,000 to 
1,420 feet, with 8 to 13 seams of coal of abovf 
two feet thick, most inferior; and 10 to 12 mi 
L Bures of ironstone. 

B 3. Lotcer thkk measures, containing the chief fttnii 
coala, from the Ash to the Winpenny inclusiv* 
17 or 18 seams above two feet. Ironstone soarti 
or absent. 

4. Lowest measures, 800 feet, with from two to fon 
thin coal 
■ The Bosc Bridge Colliery, neat^^igac, 'iaft\o -jatiafee^. 
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Neglecting the seams under two feet in thickness, 
we have in pertain measured portions of this fie!J no 
less than 40 seama, with a total thickness of 140 feet 
of coal; in another case 24 seams, with 109 feet. 
Among its more remarkable Leds are the couraea of 
carbonaceous ironstone, or black -band, which occurthree 
or foTir in number, with a variable thickness, bat 
amoantiflg in some caaea to three, four, and even six 
feet, often crowded with shells of the bivalve Antkra- 
cmya. Near these also comes in a thin band of fresh 
water (?) limestone, containing sp'irorbis carbonarius, 
and analogous to the Ardwick limestones near Man- 
dieater, and to a bed with the same fossils in the coal- 
field south of Shrewsbury, and in that of Warwick- 
aliire. 

The boundary on the eastern side of the tract is the 
cratcrop, against the bleak hills of millstone grit; on 
• the west the new red sandstone, under which its beds 
plnnge ; and on the south an irregular line, occasioned 
by dislocations and the inletting of the overlying Per- 
mian strata. 

A small outlying field, named after the town of 
Cheadle, with seven or eight seams, is of very limited 
importance. 

Taking your stand on the high ground on the west 
of the Potteries coalfield, you may, on a clear day, 
descry the Shropshire field on the south, and the 
Welsh hills on the west, with the coal area of Denbigh- 
ahire at their base. The plain of new red sandstone 
and marl esetnds almost like the sea from one hill 
range to the other, and the idea involuntarily suggests 
itself to the mind of the geologist that the coal-mea- 
snres are continuous beneath those \)'Coaii, mlctvala^ 
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even though the depth may be such as to render them, 
in part at least, unattainable to man, 

Denbighshire and Flihtshire.— Commencing Hnd- 
denly with a bold promontory of the carboniferoni 
limestone near Oswestry, a band of coal-measuiffl 
reposes against the chain of hills which course by 
way of lluabon and Mold to Mostyn, at the month of 
the Dee. The scams are not numerous, but some of 
them, aa the 3-yard and 5-yard coala, are remarkable 
for their thickness ; and a bed of cannel, lately found 
near Mold, is no less noted for its excellent quality. 
Moreover, the boundary of the field being, on the east 
and north-east, the overlying new red formatione, 
leaves it very probable that a large amount of coal, 
continuous with that already worked, may be found at 
moderate depths. 

Shropshire. — Omitting some small nnimportant 
patches of coal around Shrewsbury, we arrive — in tha 
Coalbrook-dale district — at a focus of colliery working 
intimately connected with the development of ths 
British iron-trade. The total thickness of the mea- 
sures is but 1,000 to 1,200 feet, and the number of 
aeams of coal with their height also diminish rapidly in 
going south, so that the 55 feet of coal at Donningtott 
dwindles to 40 feet at Lightmoor, and to 16 feet at 
Amies, near Broseley, south of which town all the iron- 
stone measures — so valuable north of the Severn — ara. 
represented by a single bed— the Crawstone. Tl» 
especially interesting geological characters of the di 
trict have been excellently described by PreatwiA 
(G^ol. Trans. 2nd Ser. vol, v.), and further details 
the ironstones are given in "The Iron Ores of G-rent 
Britain" (Mem. of Geoh Survey, 1862). 
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The whole of the old or hitherto-known coalfield will 
in a very few years hence be entirely exhausted ; but 
already successfol workinga have been put throngh the 
Permian rocks which border its eastern margin ; and 
the geologist has little doubt that were he possesBed of 
physical penetrating power enough to enable him to 
dip with the coal-aeams as they incline eastward, he 
would, after a deep underground passage of some 14 
miles, emerge again in the coalfield of 

SOTITH STATFOnDSniRE AND WORCESTERSHIRE. — The 

"black country," as it has been popularly caUed, 
exhibits the most amazing focus in the world of the 
various manufactures which depend on a plentiful 
supply of coal. Ite mingled forges, pit-heaps, engines, 
canals, railways, and blast furnaces, and the roar of 
activity which pervades the district, create in the 
visitor a feeling of confusion, which only gradually 
Hubsides into admiration of the great natural advan- 
tages conferred by the contents of the substrata, — 
advantages which have been the means of attracting a 
dense population, and of raising upon and around it a 
vast assemblage of various and prosperous branches of 
industry. The total area is not large— about 90 square 
miles — and the total thickness of measures moderate — 
say 1,800 feet; but the presence in the southern part 
of the field, about Dudley, Bilston, and Wolverhamp- 
ton, of the 10-yard coal (from 24 to 30 feet thick) haa 
been a feature of importance without a parallel. The 
roughness of the surface has been repeated below 
ground, and the mode of working this admirable de- 
posit of fossil fuel has been a model of which we have 
no reason to be proud : sad loss of life and great waste 
of coal having characterised it almoat tKiow^li«\i.^-j «xA 
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the rapid exbatistion of the present pits renders it pro- 
bable that in a few years the workings of the " thick 
coal " will be matter of history." Meanwhile the lower 
seams of the " Heathen " and " New Mine " coals are 
coining into great employ, and a comparatively new 
field of many different seams — the separated represen- 
tatives of the 10-yard coal — has been rapidly opened out 
in Cannock Chase. For the details of this coalfield we 
must refer the reader to the excellent description by 
Mr. Jukes, " Mem. Geol. Sui-vey," 2nd ed., 1859. 

The number of eeama may be given as averaging six, 
with a total thickness of 50 feet of coal. 

Two peculiarities of this coalfield require to be men- 
tioned, even in a brief sketch like the present 1st, the 
prevalence of intrusive dykes and bands of igneous 
rock, the ivMte and fjreeii rock of the miners ; and 2nd!y, 
the absence of the millstone grit and carboniferous 
limestone, the coal-measures reposing directly upon 
the Silurian shales and limestone, 

The glory of South Staffordshire as an independent 
district is past; but the iron-masters make a gallant 
fight of it in competing with other districts by the in- 
troduction from great distances of cheaper iron-ores bs 
well as coals, and by strict attention to the quality of 
their products. 

Wabwickshirb. — On the south-east of Tamworth, 
the clearing away of the red marls reveals a coalfield, 
which runs for some 15 miles in length by Nnneaton 
and Atberstone, in the same south-easterly direction 
as the Trent-Valley Railway. The total thickness of 
its constituent rocks is nearly 3,000 feet ; but the 
lower half is unproductive, and the upper half contains 
only five seams, with an aggregate of 26 feet of coal. 

• The diacoveiy ftt Smdwell Pavk,iottio last low yeaw, of 
area under the Eed Sandatouc ia highly importmA. \?,ft'>. 
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The area, too, being only 30 square milea, leaves thia 
a very unimportant tract at present ; but its signi- 
ficance as an indication is not to be overlooked, seeing 
that, like the last and next following coalfii;Ids, it is 
surrounded for the most part by the new red forma- 
tions, and may, therefore, with confidence, be expected 
at a future day to bo greatly extended. 

Leicestershire. — In this county — again after an 
interval of a few miles of the covering, of red rocks — a 
coal-producing tract presents itself. With a total 
amount of strata a little less than tlie last, it exhibits 
more seams, generally ten of -workable thickness, 
with 45 feet aggregate of coal. The Moira Colliery, 
near Ashby-de-la-Zoucb, is very largely opened on the 
fine "main ecam" of 12 feet thick, of which only the 
upper six feet, the over coai, is taken out in the present 
operations ; the netl/^ coal, of rather inferior quality, 
remaining for a future day. 

The actual area of the denuded coalfield is only 15 
square miles ; but several pits have already been sunk 
with success beyond its boundaries through the over- 
lying strata. 

It will be interesting to compare, for the above dis- 
tricts, the production of coal during 1864 with that of 
ten years before, and with the later statistics. 
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The ratios of increase in ten years in the dte 
counties are remarkahly unlite ; and whilst in most 
cases the quantity raised has been augmented by from 
20 to CO per cent,, in a few of them it has been moro 
than doubled. Tlie numerous canals and railways of 
central England greatly increase the mutual connection 
of these several fields, and as time advances, new bore- ■ 
holes and sinkings will ere long throw additional light 
on their natural relationship. 



CHAPTER VI. 



COALFIELDS OF THE WEST OF BSaLAifD, SOUTH WALK, 
AND IRELAND. 

Bristol and Bath. — A large area, extending for somft 
25 miles in length from the Mendlp hiils on the south, 
and closing to a point near Wicbwar, consists of coal- 
measures exposed to the surface in large patches, bat 
covered over much of their extent with the newer forma-. 
tions — red sandstone, lias, and oolite. On the southern, 
western, and north-eastern edges the coal -bearing strata 
repose on the carboniferous limestone ; whilst their 
eastern termination, where they pass under the Bath 
oolites, is at present uncertain. The total thickness 
of the series, above the millstone grit, or " Farewell' 
rock," is about 5,000 feet; but except over certain 
small portioDS of the ground, the upper part of the 
series, containing some of the best household coals,. 
has been swept away by denudation prior to the de- 
jKVJtion oi the red rocks. Tbaa, in the rich district 
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north-east of Bristol, the uppermost seamB appear to 
be absent, whilst in the neighbourhood of Eadstock 
and Midsoraer Norton a very interesting basin-shaped 
deposit of them is explored by the collieries of H.II.H. 
the Prince of Wales and of Lady Waldegrave. These 
teams are already deep at some of the pits; as for 
example, 200 fathoms at Clandown (where 40 fathoms 

Bsank through overlying formations), and above 
fiithoms of barren strata intervene before another 
$ of coal seams is arrived at The second group 
pies, of course, a mucb larger area than the first, 
and is worked at Farrington Gurney, &c. Next in 
order comes a great thickness of sandstones, termed 
the " Pennant," which occasionally present the rough 
structure of millstone giit. Below the Pennant wo 
have again a deep series of shales, containing a con- 
aiderable number of seams, some of which are worked 
at Bedminster, Stratton-on-thc-Fosse, &c. ; whilst the 
lowest coals, very close to the limestone base, aro 
worked at Vobster, Ashton, and at Nailsea. 

It is observable that the mode of working adopted in 
the southern part of this district, coupled with certain 
local advantages, has rendered it possible to worll 
coal seams of little more than one foot thick ; nay, in 
One of the *' little veins," I have measured the height 
to be only 11 inches of coal 1 We may, therefore, take 
a comparatively greater number of seams in this field to 
he " workable," and it would appear that they may be 
grouped as follows : — 

tTppei RerieB, Radstocic, 6 sg^hhb, viHh total of 11 to 12 feet of coal. 
Second, or Fomngton satios, i workable scams, ivith 6 to 12 feet of cooL 
Pennant grit, -o-iili thin acama, l.fiOO feet. 

TtuidBeries, Bedminater, Stratton-on-tlie-FoaBC, ] 20 to 36 seams, with 
Lansit urieB, Tobater, Nailaea, &c., S 60 feet at coul. 
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The last two groups are not very distinctly 9eparatoil| 
and their seams are difBcalt to identify, from theii 
being variable in character and being much disturhei 
where they approach the limestone. Indeed, the vi 
tical and even overthrown condition of the strata 
Vobster, on the north flank of the Mendip hills, is t 
nearest approach, in G-reat Britain, to the abrupt foli 
ings which are so remarkable in the coalfields oj 
Belgium. 

When we look to the nmneroua and thin 
the south portion of thia field, and the violent contor* 
tions to which, along with their limestone base, ^ 
coal strata have been subjected, we are induced 
recognise the Belgian type, and to look eastward, ^ 
the direction of the axis of disturbance, for a contimiS 
tion of the trough of coal-measures. Evidence, how 
ever, not altogether conclusive, has been obtained 
boring, which would make it probable that the loW(( 
measures also, like the upper ones, crop up under t 
overlying rocks. Towards Bath, at Twiverton, seai 
of the lower series, much faulted and highly inclined 
are worked, but it is uncertain how far they extend 
We may also speculate on the coal-measures beinj 
brought in again by convolution on the south side 
the Mendips, beneath the more recent formations 
but on this point no trials appear to have been made- 
It may be remarked, that a source of error in estim* 
ting the quantity of coal in the ground is very obserV> 
able in parts of this field; viz., that certain tracts 
the good seams have been so faulted and 
natural causes as to yield little else thai 
thus to be commerciallj- valueless. And a notaW 
peculiarity is met with in the overlap faults at Badsti 
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id Clandown, where the seams are dislocated by slides 
direction opposite to the nsiml one, and ore thus 
over themselves, bo as to give, over a breadth 
50 to 200 and even 300 yards, a double ti-act 
ime coal. 

iT OF Dean, — This complete and picturesque 
sin, clothed in great pai't with fine oak 
is nn admirable Btndy for the student, — dipping 
fsides towards the centre, and skirted by its base 
le carboniferous limestone. It is abont 34 square 
extent, and from its regularity is thoroughly 
even where as yet unproved by pits.* 
■coal measures are about 2,300 feet thick, and 
[, principally in their lower part, eleven seams of 
inches np to 5 feet high, giving a total tiiickness of 
about 27 feet of coal. 

Below the Churchway, and above the Coleford Higl 
Delf seam, there occurs a thick scries of sandstones, 
giving rise to numerous excellent quarries, and which 
in some degree appears to be equivalent to the Pennant 
■of the Bristol field. 

Several of the coals abont the middle of the series 
He remarkable for the great number and variety of 
fossil-plant remains found in the roofs : whilst the 
West thick coal, the Coleford Highdelf, from 4 to 
10 feet 6 inches, shows only aigillarite and other large 
obscure trunks of trees. Ironstones are almost entirely 
absent, but the want of them is amply made up for by 
flie admirable brown oxide of iron found abundantly in 

' A beautiful model, slioTvmg most inBtructivelj- the position of tho 
riona aeama, was constructed. flomB years ago by Mr. T. Sopwith, 
^^S., and was depoaited by H.M. Oomroiaaionera of Woods and 
" ta in the MuBBam of Practical Geology, 3 Bnnyll-BtTeet. 
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^H churns or irregular deposits in tlie upper porti( 
^H the limestone. 

^H The Dean Forest field prodnced iu 1854, 42( 

H tonsofcoal; in 1870, 907,183; in 1879,779,428 

^V Devonshire, — In the north of this county, 

neighhoarhood of Bideford is remarkable for the oc 

rence of small seams of anthracite, or culm, which i 

lieen worked to a considerable extent. They are oj 

» small commercial importance, hnt are intereatiOi 
offering a parallel to' the thin seams found in the ] 
tract of carboniferous slate in the sonth-we^ 
Ireland. [ 

South Wales. — The magnificent coalfield 4 
extends from Pontypool on the east to St. Bi 
Bay on the west, and occupies some 900 square B) 
chiefly in the counties of Monmouth, GlamorgaoJ 
Carmarthen, is no lees remarkable for its thieS 
than for the variety and excellence of its prwli 
Based upon a foundation of bold hills of limeaj 
which rise on its northern, southeni, and eastern li$ 
it forms through a great part of this length an 4 
gated basin, containing a mass of picturesque 1 
land, intersected by numerous streams, which ha 
mainly north and south direction, and in which 
greater number of the works are situated. The ■ 
numerous dislocations by which it is intersected £s 
a still more regular meridional coiu-se. The i 
breadth of the field, from 12 to 16 miles, and the| 
inclination of the strata, would soon carry them i 
to unattainable depths, but for their being again ll 
nearer to the surface by an axis of elevation, or i 
clinal ridge, which is traceable along a consid^ 
distance in an east and west direction. 
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In llonmouthshire the thickDess of the strata is far 
B tiian in the more western poption, and the maxi- 
1 depth to the lowest iraportant seam (the Dlack 
b) may be estimated at 650 yards, whilst the lowest 
^hle coal would be reached at 750 yards from tlio 
'aa in the valleys.* Here the uppennost notable 
nis the well-known house coal, the Mynydd laslwyn, 
bet 6 inches, which, occnpyiog only the middle of the 
Igh, has already been worted out over a great part 
ita area. Beneath this conies a great thickness of 
;s, the " Penuant ;" and below that again tho 
, including the excellent furnace-coals and 
iron ores, which have given rise to the great iron- 
a of Pontypool, Ebbw Vale, Tredegar, &c. 
Ruther west, the sandstones are greatly augmented 
Jcness, and are surmounted by a series of mea- 
H with many workable seams, which appear to be 
irbited in full development to the north of Swansea. 
i 8till further westward, at Llanelly, nn upper series 
teams occupy a comparatively narrow area, cooraing 
I and west, where the full thickness of the coal- 
estimated to amount to no less than 
000 feet. If, therefore, we include these, where 
f are worked on the north-east of Llanelly, and 
mding to the Llwchwr Eiver, wo have the followiug 
liection : — 

Llanelly seiica, 1,000 fest, mth Saeumfl, and a total af 19 
of coal. 

I. &o., 3, ODD tuat, nith. 16 eauos rLbovc 13 inches, and a 
[it SO feet of cool. (Down to tho Iliighiia sunm of Bwnnscn,) 
" " (Pennant), 2,7Q0 fcot, witli Ifi floama and 28 foot 

1,400 feat, with IB acnnis and 83 feet of conl. 
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Tlie local TQriations, and especially the thinning outi 
eastward of many of the heds, render a general Bectioo 
such as the ahove, inapplicable except to a limited ps 
of the area. 

Oa the wftst of Carmarthen Bay the thickness of t 
measures is again greatly reduced, and their valne 
much deteriorated by the violent foldings and ■ 
lutions to which they have been subjected, and 
may be seen at their maximum in the cliffs of I 
Bride's Bay. 

The ii'irtli-eastern part of the field is principe 
remarkable for its excellent partially bituminous o« 
In the neighbourhood of Aberdare the Beams acquire 
the highest degree those iree-burning and yet smok 
less properties, which adapt them especially to stea 
purjiosea. The run that has consequently heen mat 
upon the coals of these valleya, has led to the openini 
of such numerous, and such vigorously worked col 
lierios, that large tracts of the best seam, the Aberdal 
four-foot, have already been exhausted. From heM 
westward the coals of the south outcrop remain hitfl 
minouB as far as beyond the Llanelly district, whilj 
those along the nortliem side of the field change t 
anthracite, aad this latter variety of coal alone i 
yielded by the seams rising northward in Carmarthen 
flhire, and by all those of Pembrokeshire. Even withi 
a distance of a few bnndred yards, the Llanelly becll 
are seen to be bituminous where they rise to the sontf^ 
and anthracitic in the opposite side of the trough. 

The produce of the western districts has been t 
follows : — 



Cloui^este/Bliirp and Somersetshire 1,192,366 1,950,000 1,840,1 
Boutk W»lea J ' ^00,000 \^^_54%jj(j(j -^^p 
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An examination of the constituent strata, and of the 
Ltions of theee western coalfields, will lead to the 
tion that they have formerly been united, and 
Dean Forest we have a link between its larger 
mra, which has been preserved from denudation 
Jfoptnnately having been folded into a basin form. 
ity miles which intervene between Coleford and 
felsh hilla exhibit only the Old Red sandstone, 
on which coal measures once rested, long since 
away by the wearing action of the sea, when 
id has been raised after periods of submergence. 
-The coalfields of the sister country form 
interesting study to the geologist, but iinfor- 
yielding only an average of about 140,000 
jsent to the commercial or technical inquirer 
of little present value and of no future pros- 
He who has passed long days in exploring the 
coal country of Carlow, Kilkenny, or Tipperary, 
■now examining the fossils of the shales, which remind 
of those of the lowest coal series of central England, 
nd anon looking down upon the wide plains of car- 
JDiferous limestone which form the great bulk of the 
'low country, — cannot but soon arrive at the conviction 
it Nature probably gave to Ireland with a liberal 
id, but has again taken away what she had given, 
isolated little coalfields which exist at present are 
Iht the remnants of important deposits which have 
an torn away by denudation ; and as they are unmis- 
lUkally the few lowermost beds of the formation, no 
liflcoveries are to he expected from boring. It is, 
TerthelesB, noticeable that the lower portions of the 
tboniferous strata are developed in great thickness, 
wr the limestone is succeeded by several hundred feet 
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Wack shalo, as in Derbyshire, and then by aome 501 
to 700 feet of flagstones, which form a parallel to oi 
millstone grit. The coal measnres attaining sometimi 
a thickness of 1,800 feet, contain but a few seams 
moBtly very thin, of anthracite, extremely brokai 
compressed, and uncertaiuj in county Cork, but in 
Tipperary and Castlecomer fields, forming basins 
considerable regularity. 

In the north of Ireland, coalfields of very bit 
extent occur in Tyrone and Antrim ; which, altliot_ 
some of the seams are of bituminous quality, exhibi 
in the main characters very similar to those of &< 
south. And thus the whole of the deposits of foas 
fuel, being but fragments capable of a very limit) 
supply, it is fortunate that the town populations i 
Ireland can be supplied with such facility from tl 
Clyde, Whitehaven, the Mersey, and the Dee; ai 
that Nature has in some measure made amends for tl 
absence of coal by the gift of peat bogs of unsurpassei 
extent and quality. 



'' CHAPTER VII. 

CONTINENrAL EUROPEAN COALIIELDS. 

FR.4NCB. — Although unable fully to supply the de 
mands of a large population and high civdisation, Qi 
French coalfields are neither few nor poor in content! 
The sum total of the coal production of France i 
obtained from above fifty diff'erent patches of the coi 
formation, only a few of which need to be cited as 
permanent importance. They may be grouped as tb 
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coalfields of the north, of the centre, and of the 
south. 

That of the north, occupying a narrow atrip of land 
in the departments du Nord and Paa de Calais, ia at 
the one end continuous with that of Belgium, whilst 
on the other it gradually diminishea in value as it iH 
followed from Valenciennes and Bet.hunc, towards 
Hardinghen and Boulogne. Considering how the coal- 
naeasures are covered by the chalk, or cretaceous strata, 
80 to 150 yards thick, some of them offering very 
serious ohstacles to the sinking of shafts, it is credit- 
able to the sagacity and perseverance of the French 
engineers and coal owners that they have so ferreted 
out the character and position of these concealed trea- 
Bures, as to have hronght the production of this field 
already up to over six millions of tons. The seams are 
not actually traceable without a gap into Belgium, but 
aie of a similar character, — regular and numerous, yet 
thin : thus the 12 beds of Aniche give together but 
23 feet of coal; 4 beds worked at Douchy, 11 feet 
6 inches ; 18 at Anzin, H9 feet. 

A comparison of these features with those exhibited 
on the flanks of our Mendip hills, and an observation 
of the underground course of the sharp trough of 
French coal strata, deflected as it is from its Belgian 
direction when it arrives at Donay, inclines us to the 
speculation that the palaeozoic rocks may be continuous 
from the Severn to the Rhine. The question may pos- 
sibly be of little practical importance, but is one of 
great interest as regards the original deposition of the 
carboniferous series." 
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The coalfielda of central France are remarkable foq 
their irregular and small area, and the fragmenta 
and unequal state in which most of the seama occmvl 
They are commonly based upon some of tlie primaijl. 
rocks, granite, gneiss, &c ; and a great part of theiu 
constituent mass consists of coarse grits, and, towai 
the base, of rough conglomerate. The seams attain 
here and there, a vast thickness, even up to 40, 60 
and 80 feet, but are much broken, and subject ft 
sudden changes. Some of the French geologista ati , 
inclined to consider them the result of deposition b i 
lakes, in contradistinction to the fields of the Norf 
and of England, where they repose on the obyioo^ 
marine teds of the mountain limestone. 

The most important of them is the district of 81 
Etienne and Rive de Gier (Loire), occupying a leugt 
of about 34 miles, and in which the lower seams ooci^ 
an area of 60,000 acres. One of these varies from 30 1 
70 feet in thickness. On these follow some hundred 
of yards thick of barren sandstones, and then an nppe 
series of 20 seams of from 3 to 16 feet thick, whic 
only cover a surface of about 10,000 acres, and in th( 
midst of which the full thickness of the basin appeaM 
to be near 5,000 teet. The active manufacturing in- 
dustry of this neighbourhood has raised the production 
to more than three millions of tons. 

Another remarkable basin is that of the Sa8ne et 
Loire, the chief working centres of which are OreuBOfy 
Blanzy, Montceau, Montchanin, and Epiguac, where tha 
measures contain only ten beds of coal, but at Blaneyl 
two of them run from 30 to CO feet each ; and at Mont- ; 
chanin, as at Creusot, one seam attains locally the extra- ' 
ordinary amount of from 00 to 130 feet in thickness. 
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Most of these central fieliis are, unfortunately, mere 
bagius in the older rocks, so that their cocteats arc 
rigidly defined ; yet a few of them — as that of Crenaot J 
and Blanzy — offer some prospect of contiimation, 
especially on the south-west, beneath the covering t 
newer formations. 

In the south, the coalfield of Alais, in the depart- 
ments da Gard and Ardcclie, conveniently sitnate for 
the snpply of the coasts of the Mediterranean, and that 
of the Aveyron, are both of them noticeable for a yield 
which has increased much within a few years past, and 
ftir having probable reserves beneath the jnrasBic strata, 
which on certain sides bound the visible extent of the \ 
coal-meuEures. | 

In 1863, with a home production of lOJ millions of ^ 
tons-^ increased in 1873 to 17,485,000 — France con- ' 
Bumed half aa much again imported from abroad,' 
Since 1815 the amount raised from French pita has 
been multiplied tenfold; but it is still a problem ' 
whether the rapidly increasing demand will ever be ! 
met by the production of the country. My own visits 
to a few pits have impressed on mo the conviction that 
the French coal-aeams are usually much more difficult 
to work economically than our own ; and that hence 
the prices, ruling higher than in more favoured dis- , 
tricts, will always render it difScnlt for the coal-owners 
to compete on the large scale with those of England, 
Belgium, or Prnssia. 

Belgium. — The deepest pits in the world have been 
opened in that narrow, but actively worked, zone of 

• The imports of coal and coka into Franco were ■.^- \ 
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coal-meafitirefl which rnna from west to east by Moiifl) 
Charleroi, and Namur, to Liege. Especially in its 
western portion, the district of Hainaut, the high angle 
of inclination of the strata, sharply folded and even 
zigzagged into a narrow trough, has occasioned tlie 
ahatVs to attain in several cases over 750", or 2,480 
feet; one shaft, at the Viviers B^uiiis, near GiUy, erea 
1,040°, or 3,411 feet. 

The Belgian coalfield, which is in all above 100 
miles in length, and generally 4 to 6 miles wide, is 
subdivided into several basins, among which that of 
Mons exhibits the fullest development of the forms- 
tion. No less than 157 seams are known by name, of 
which 120 are workable, varying from 10 inches to 
3 feet. The upper series of 47 seams, not seen else- 
where in the country, are the Flenu, — a coal bumiag 
with long flame and giving off much gas ; the nest 
group of 21 are coking coals ; then comes a third, of 
29 beds oicharbon defarge; and last, 20 to 25 beds of 
cltarbon see or maigrey dry coal, burning with emal' 
Hame. 

The production of the different districts of this field 
was: — 

Tons 11867]. TonadSTJ). 

Centre j or IlEijnaut . . 9,595,280 10,259,371 
Cbarleroi / 

Namur 383,886 371,388 

IJegB 2,770,966 8,807,781 

Total . . . 12,756,822 13,938,523 
The northern side of this long synclinal trough in- 
clines ranch more moderately than the southern ; and 
in the sharp-angled zigzag contortions the same con- 
trast between the two sides may often be seen j an 
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arrangement recalling the phenomena of our Pem- 
brokeahire field. M. Dormoy, a French engineer, haa 
constructed some beautifiii maps to illustrate his views, 
and considera that, in consequence of the swerving 
direction of a great east and west dislocation, the 
Bonthem half of the trough is wanting, except in the 
rich elliptical basin of the Couchant de Mona, where 
the total thickness of the measures is estimated at 
8,000 feet. 

A striking example of the zigzag structure of the 
coal-measures is seen in the accompanying section of 
the mine des Six Bonniers, near Namnr. 




The mode of working ia generally by a modified 
Wild of long-work, but one requiring a vast quantity 
of timber, much of which is lost. Within the last 
twenty years great strides have been made in the 
improvement of their machiuery, and the output at 
tie larger pits is very considerable ; whilst the e 
of deep sinkings tends, as in the north of Y 
increase the area worked from a given pit. The quan- 
ti^ raised per man is much less tliaa. tlie ■QS'via.V ¥i'&.'^sla. 
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oiitaido measure, is about 60 miles long by 20 mde, 
and its lower strata attain, in a line from Betcingen to 
Tholei, the enormous depth of 20,000 feet, whence a 
great portion of the coal must ever remain practically 
unattainable. 

The Prussian mining officers, under the lead of 
Noggerath and Von Dechen, have made most accurate 
Buryeys and sections of the measures, from which we 
find that the total number of seama above 6 inches 
thick is 164, containing in all, 338 feet of coal, whilst 
the number at present deemed workable, i.e. above 
2 feet, is 77, with 240 feet of coal, and they estimate 
that the quantity of workable coal down to the depth 
of 342 fathoms, in the three Prussian circles of 
Saarbriicken, Saarlouig, and Ottweiler, is 2,750 millions 
of tons, whilst the total amount in the measurea for 
the same limited area would be above ten times that 
quantity. 

In the International Exhibition of 1862, perfect 
sections of some of these beds of coal engaged attention, 
and tho seams called Callenberg, Schwalbach, Benstf. 
and Blucher, reared up against the walls with their; 
full height of 10, 12, and 14 feet, afforded a fin© 
sample of the products of collieries which now exporfr 
largely into France. One notable peculiarity in the 
coals, and in which they differ strangely from those of 
Westphalia and Belgium, is that the lowest known 
seams are bituminous or caking coal, and that tho 
higher they range in the series the more diy or 
anthracitic do they become. Of small importance 
reserves of fossil fuel, compared with the two last, 
but yet very suggestive in a geological point of view, 
are the two isolated protrusions of coal of Ibbeubiiren 
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and the Piesberg, near Osnabriick, They conaist oi 
true coal-measiires, in which from five to seven fleaniH 
have been proved and worked on a moderate scale. 
Before quitting Westphalia, it should be added that 
Beama of exceptionally good coal, for the newer forma- 
tions, occur in the Wealden strata which traverse a 
part of the kingdom and extend into Hanover and 
Bmnawick, In the diatricta of Tecldenburg, Minden, 
Oanabriick, &c., these seams, which run from 10 to 44 
inches, are a good deal worked for local purposes, and 
yield in some places caking, in others anthracitic 

Another Prnssian coal region, that of "Wettin and 
Lohejiin, near Halle, claims attention as forming a 
link between the north-western fields and those of 
Saxony, It has long been worked, although figuring 
to a very small amount in the annual returns. 

On crossing the Prussian territories to their south- 
eastern corner, we arrive at the remote and compara- 
tively unwrought coalfields of Silesia. That of Lower 
(Silesia extends through the circles of Landshut, Wal- 
denburg, and Glatz into Bohemia on the south-west. 
(That of Upper Silesia occupies parts of the circles of 
Hatibor, Eybnick, Pless, Ac, and passes on the one side 
into Moravia and Austrian Silesia, on the other by 
1 Beuthen, towards Krakau. This latter field especially, 
I which was commenced upon only in 1784, is of a value 
I which has not been sufficiently appreciated. Measured 
I at its full thickness ftom the saddle of Zabrze towards 
I (he outcrop, it is stated to contain no less than 333 
I feet of coal in seams of above 2^ feet thick ; whilst 
I its extent, reaching far beyond the boundary shown ic 
I maps, is difBcnit of limitation, from. t\i6 i%.c\. C)\ *Jbsi 
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are of far amallsr note, but the position of the latter, 
near Dresden and the silver mines of Freiberg, gives 
it a special value. On the whole, this little kin 
produced in 1877, of coal and brown-coal together, 
3,477,511 tons; the true coal being 2,914,017 toiifl, 
raised from 74 pita, by 15,972 workpeople.* 

Adstria.^ — The large amount of forest still existing 
in many parts of the Austrian monarchy has rendered 
coal a requirement of no serious importance nnt3 
within the last few years, when the great increaae of 
steam navigation, of railways, and manufactureH, has 
given impetus to the production of every kind of fofls3 
fuel. The true coal formation stretches from Lower 
Silesia into a limited district of Bohemia, at the base of 
the Hiesengebirge ; and that of Upper Silesia forma a 
tract of considerable importance around Mahrisch, or 
Moravian Ostrau, where it is largely worked by Von 
Rothschild and others. On the north-west side of 
Prague the coal-bosins of Schlan and Rakonitz, that 
of Kadnitz, and the western one of Pilsen, extei 
in the aggregate over some 600 squai-e miles, are alV 
being rapidly opened ; but no less remarkable are thft 
■ strikingly thick seams of brown-coal (sometimes from 
30 to 50 feet) found in the flat country of Elnbogen, 
Bilm, Commotau, &c., and largely shipped on the Elbe. 

• The rapid iricrease of production in Saiony, Bspecially since tlie 
year 18S0, will be appreciuted from the etatement o! acDaal raieingB rit 
inttrvnU of ten yeara ;— 

Year. Sejian tritaM. nearlj = * cwl 

1790 30,800 

1800 63,000 

1820 66,000 

1830 166,000 
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The Austrian States raise in the year above twelve 
illinns of tona, of which over the half ia brown- 
>al, bnt Bome of the varieties of the latter aro bo like 
ood bituminouB Bamples of the older coal that I have 
ien one of our most experienced Newcastle pit-men 
[itirely at fault in judging of them, A very superior 
uahty occurs at Fiinfkirchen in Southern Hungary, 
nd at Steuerdorf and some other localities in the 
kmnat, where it needs an examination of the fossils 
[1 the shales to convince you that they are in the 
jias formation. The tertiary brown-coals of Hungary 
nd in the Austrian Alps, especially in Styria and 
jftrinthia, are not only of a very useful character, hut 
lecur in seams which in some instances attain the 
orprising thicknesses of 50, 70, and even 120 feet. 

Spain. — Although the Mediterranean countries are 
lenerally devoid of true coal, exhibiting only here 
nd there deposits of lignite of no great importance, 
he Spanish peninsula presents a notable exception, 
loaating a large coal-field of numerous seams super- 
osed on the carboniferous limestone of the Asturiae, 
nd two others apparently of great though unex- 
lored value at Belmez and at Villa Nueva, near 
tordova. But no great development can be expected 
'hilst the means of communication remain so bad 
bat the habitual transport of the produce of the 
sllieries is effected on donkey-back.* 

EuBSiA. —It is no matter of wonder if, in this most 
itensive of European countries, the abundance of 
ffest, and the scantiness of population, have retarded 
iploration for coal. But the researches of Sir 
loderick Murchison and his associates, Count Kcy- 
n-ling and M. de Verneuil, have Tji^ovftd tW <Ei\a\!Kwa4 
' 3^6 hat twelve j-oara have -witiieawi a. cbsn^B. 



of a gigantic estenflion of lower carboniferons roc 
ranging along the flanks of the Ural Mountainfl, ova 
length of about a thousand miles. It is only here i 
there that any coal-seams have been proved to ea 
but, althoogh much interrupted, they are distinc 
shown to occur on both sides of the great dividing cht 

These authors have attached especial importance 
the coal-field of the Donetz, between tho Don and 
Dnieper, near the northern comer of the Sea of Ak' 
where the middle carboniferous limestones contaii 
nimiber of workable coal-seams — not remarkable 
goodness of quality — over an area of about llj( 
square miles. At the collieries of Lissitchia B«J 
900 feet of measures exhibited several seams, giy 
au aggregate of 30 feet of coal, and 50 feet of bed( 
limestone with marine fossils. 

Le Play states that he found 225 outcrops 
above 400 feet of coal ; Prof. Helmcrsen more recen 
(1864) asserts the existence of nearly 400 seamE 
and as the northern side of the field is covered by 
cretaceous rocks, and coal-measures have been alrei 
proved beneath them, it appears probable that ther( 
here a vast development of the older coals, of whi 
we have notable examples at home, in Northumberli 
and in Scotland, 

The researches of Auerbach and Trautachold 
the coals of central Kussia, published in 1860, descri 
a well-marked coalfield in the Governments of Tula s 
Kaluga, with an area of above ^3,000 square miles. 

It appears doubtful whether any seams of the ord 
nary upper coal have yet been found ; but should 
be discovered to extend beneath the overlying Fermu 
• Fiiit Quart. 3oni, QeoL Boo., -soV, 
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(, it Beems not improliable tliat tliusia may odo 
e shown to possess stnree of coal, in some d^ree 
insnrate with the magnitiide of her territorial 
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of tbe St. Lawrence aoA tbe great chain of lakes 
tiling proportjon of the ssr&ce of the North- 
continent is oocDpied b; the csrboniferoDs 
m ; and if we merely oompue the coal-areas of 
World with tboM of the OM, aa indicated in 
mapfi,w« ahonldeaBeladetliat the total extent 
deposits of Europe itand, aa againat thoae of 
ica, in the htimUe nado of 1 to 21. But an 
nnportant fallacT a ip wlned in these cotDpnwooi, 
as the pooliaB of the AnarieHi coal atialB, 
respect ta Oe Bads «■< q wri^^ g wcto, !■ ndi 
» exhibit dn-aOR an 0* Ac ndi* «f vhMfc 
luge tnoto «e hHRs), sfcOrt bhi^ aesi tcIb- 
pc»tic i rf Ae B i iyi cadficUiaaasfwed l^- 
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obBerve that tlie planta found in or near them beloi 
to the same genera, and often to the same Bpecies 
those of the coals of Europe. 

The Cumberland coalfield, occupying a tract wi 
rises towards the Cobequid hills, exhibits along 
shores of the Bay of Fandy, at the Joggins, an 
rivalled natural exposure of strata, which Sir W. Log 
has measured to be upwards of 14,000 feet thick. B] 
although 70 seama of coal are iocluded, very few 
them, and those only thin, are found of workuli 
dimensions. Near Amherst, the productive diviflU 
is stated by Dawson to be 3,800 feet thick, with 
seama of from 1^ to 3 feet thick; giving a tot 
amount of not more than 16 feet of actual coal. 

A remarkable contrast to this state of things exis 
in a limited district at Pictoa, where, in a much smali 
bulk of measures, there occur 5 or 6 good seams, the m( 
noticeable of which ia the Pictou main coal, no If 
than 37^ feet in thickness, inclusive of some bands 
ahale and ironstone. 

In the northern and cenh'al parts of Cape Bretoi 
around the town of Sydney, another coalfield, of 
siderable economic value, forms, according to 
Brown, one extremity of a great coal region, the mai 
body of which extends under the sea towards Ne^l 
foundlaud. The same practical author estimates th 
productive measures as occupying 250 square mill 
and as possessing a thickness of 10,000 feet. A fin 
natural section, on the north-west side of Sydney Har 
hour, shows a total of 1,860 feet of measures, with 34 
seama of coal, but four only among them are workable, 
each from 4 feet to 6 feet 9 inches. The excellent 
jiapeis by the two above-named auftioTa, \ti. ftiii t^jias.-. 



COAL OF NORTH AMERICA. 09 

terly JoTunal of the Geological Society of London, 
contain most valuable contributions to our knowledge 
of the plants and animala of the coal. The quantity 
raised and sold in the province, during the year 1865, 
i was 651,256 tons." 

The extensive coal-fields of the United States are 
evidently, from their character and positions, but the 
hage remnants of a vast coal area, which once extended 
from the St. Lawrence down to the mouth of the Mia- 
eisBippi, and from the shores of the Atlantic to Kansas 
and the frontiers of Mexico. Although they may be 
separated from one another by gapa of many miles in 
■width, the intermediate space ia occupied by the same 
floor of lower rock on which the coal-measures rest; 
and the productive portion of the Btrata is preserved in 
I lie BBveral baeina, by occupying the depreasions of the 
I ttndulatcd flexures to which the entire mass has been 
f Bubjected. Most violent on the east, along the line of 
the Alleghanies, these foldings become more and more 
gentle westward, so that in the great regions of the 
and the Missouri the inclination of the beds ia 
gmall, and their unbroken extent proportionally 
Coupled with this fact, moreover, it is found 
that the character of the coal changes : bituminous and 
in the broad flat areas, it becomes more and 
more dense when afieeted by the contortions of the 
Appalachian chain, until, in the parallel synclinal 
deposits of Pennsylvania, it becomes a pure an- 
thracite. 

Prof. Rogers, in his elaborate " Geology of Penn- 
sylvania," dwells upon another broad featare of general 
interest The beds of conglomerate (miUstone-grit) 
Wi Bandstone, which occar in great thickness, and of 
'1873, J,05i,i67too3, ia reported £or 1579 al-iaail'i^UfMi. 



coarao grain, on the eaat, gradaally thin away 
become finer 8« they approach the west; -whilat 
alight traces of limestone, associated with the cod 
measures in Pennsylvania, become more and moil 
important as they reach the successive western dia 
tricta, nntil beds, that in the Potomac basin are onl 
]0 feet, become expanded at WheeHng to 200 feet 
thicbnesa. And as the coarseness of grits and cc 
gloraeratea points to the proximity of the land whei 
they were derived, whilst the limeatones abound il 
marine organisms, it results that in the coal peri( 
deep-sea conditions prevailed in the west; and that th 
mass of land, from which the sandy constituents 
the coal-measures were derived, must have exietd 
where the Atlantic now rolls its billows. 

The coalfields of the United States, estimated hj 
Rogers to occupy an area of 196,850 square miles, ai 
five in number : — 

1. The Appalachian coalfield, forming a series * 
prodncive basins in Pennsylvania, Ohio, MarylaiU 
Yirginia, Kentucky, and Tennessee, extends in a K.K 
and S.W. direction for 875 miles — an unbroken length, 
second only to the spread of the lower carboniferoM 
rocks along the western flank of the Ural, 

In the southernmost and deepest or the Pottsvillo 
trough of anthracite, it appears that about 25 workable 
seams have been proved, in other parts only 10 or 13 
so that, although a maximum thickness of 207 ieet oi 
coal has been ascertained, the average would not 
70 feet. 

Some of the lower seams of the anthracite attain et* 
ceptionaUy the thickness of from 10 to 40 feet, prohfthlf 
in consequence of the local disappearance or attenuatioE 
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the shales and grtcs which elsewhere divide from 
ih other six or seven different Beams, At Lehigh 
Ininmit mine the great coal-bed is a magnificent seam 
ttf SO feet, containing 30 feet of good coal." 

In the bitimiiiioua field of western Pennsylvania, 
aeven to ten workable seams f are found in a tliickness 
of about 2,100 feet of strata, and the same nnmber 
may be identified in north-west Virginia ; whilst, as a 
proof of gradual attenuation westward, it seems that in 
the western coal-field of Missouri and Iowa seven or 
right workable seams at the utmost are included in 
about 700 feet of strata. 

The upper series, cropping ont a little to the north 
and north-wcat of Pittsburg, is based upon a remarb- 
ftble seam of coal, named after that town. Prof. 
Sogers has traced out, con amare, the prodigious extent 
of "tiiis superb bed," and shows how incompatible 
irith any drift theory are its persistency and regularity. 
"With a thickness of 8 feet at Pittsburg, rising to 12 or 
14 feet in the south-eastern basins, and dwindling on 
Sie Great Kenawha to 5 feet, and at Guyandotte to 
3 feet, its superficial measurement amounts to about 
14,000 square miles ; and if we include some detached 
Wins, which indicate its former extent on the east, it 
Toold appear that the Pittsburg seam formerly (before 

• To gimrd against misapprehenaion, it is well to remember that it 
•I^eBiB to be the local practice to uamo a seam by the thickntsB of the 
nil aa roughlj meaBured in the driving of a cross cut ; and as the beds 
riae at Tariou^ angles, tbs amount thus taken is generally much in 
suaa of the true thickness. Thus Mr. Kogers states that the so-called 
''!9-fiiot vein" is really 2G feet horizontally moaauted, and 13 feet 
nuunred in an European way, fairly across the seam ; and, after all, 
% feet only are cf saleable coal. 

t Keac Pittsburg, above tha F. seam cf 10 feet, is the Wuyneabory 
(Qal, S feet, and belov it fi Beams with about 22 feet of coal. 
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denudation) occupied a surface of no less than 34)& 
square milcB. 

Another observable feature of the upper series con- 1 
slsts in the intercalation of bands of limestone charged y 
with marine fossils, and amonnting sometimes, in tbe f 
aggregate, to loO feet thick. One bed especiallf, 
which overlies the Pittsburg coal, has been remarked' 
to increase from 3 ftet in tbe Cumberland basin ta 
41 feet at Brownaville, and 54 feet at Wheeling. 

Tne aggregate thiclrneas of coal contained in thB 
measures, generally, of the Appalachian coal-field, is 
i^r less than that above given for the anthracite legica 
Even where the basin is deepest, and the seams are II 
or 16 in number, it scarcely amounta to 40 feet; wheno 
it is inferred by Rogers that, considering the grea 
amount of denndation, we are hardly entitled to assnm 
a higher general average for the whole field than SS 
feet. 

The coal-trade of Pennsylvania may be said prac- 
tically to have commenced with the first shipment 
1820, and the following numbers, given in the report 
of the Philadelphia Board of Trade, show the increaae 
in quantity seat to market at intervals of ten years:—, 

1820 36S 

1S30 174,374 

1840 841,584 

1860 3,177,637 

1860 8,lSl,S6g 

For 1875 it ia atiited to have nmoimlpd to 20,973,80 

2. Illmok and Indiana coalfield. — This is a somewl 

oval tract, lying between a wide anticlinal exposure 

Devonian and Silurian rocks on the east, and the 

of carboniferous limestone of the Upper Mississippi 01 
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3 west, having a total area of some 51,000 sqiiaro 
[laileE. 

Within this vast district, nearly as extensive as the 
lAppalachian, many local disturhances and undulations 
DfiTect the strata, and confine the availahle basins within 
limits which ai'e not yet thoroughly explored. In 
Vestern Kentucky, the productive coal-measures are 
Sfltimated at 3,429 feet thick ; the lower series — includ- 
ing a hard sandstone, called the Anvil Kock, at the 
top — being 1,029 feet, with nine workable seams, and 
Bie upper group being 2,400 feet, with eight workable 
leams and numerous bands of limestone. An aggregate 
amount of 40 to 50 feet of coal has here been proved ; 
but since all explorers agree that there is a great 
amount of undulation bringing the older strata to the 
surface — the flexures running N.W. and S.E., or oppo- 
sitely to those of the Appalachian range — no satisfac- 
tory estimate of the average quantity of coal can yet he 
ohtained. 

S. Iowa, Missouri, and Arkansas. — In this enormous 
area, where upwards of 73,000 square miles are stated* 
to be occupied by coal-measures, we cannot but look 
npon the latt-er as being of a degraded type ; not only 
,tie stony strata, but the beds of coal also having 
greatly dwindled, both in number and thickness. Prof. 
Swallow, reporting on the geology of Missouri, esti- 
mates the total sections of the coal-measures on that 
river at 050 feet; the upper portion containing thin 
beds of bufif limestone, and no workable coal; whilst 
tte lower group, between Booneville and the mouth of 
the La Mme, includes six coal seams, two only of 
which, of 3 feet and 6 feet respectively, are workable. 
• Hogers, " Geology of Pennajlvauia," vol. if- 
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Dr. Dale Owen, in repotting on Arkansas, mentions! 
the occurrence of several seams of coal opened upon tai 
different counties for smiths' use ; but most of them] 
are only a few inches thick ; one alone, the Spaiira' 
seam, being 3 feet They appear to be semi-arithracitic, 
and to be intercalated among the lower members 
the formation ; viz., with the millstone-grit, and cloaj 
down on the "Archimedes" limestone. Sundry onE-l 
lying deposits of coal and cannel promise to be of local 
value ; but the contents of the field, as hitherto de- 
scribed, are bo utterly disproportionate to the magnifi- 
cent show which it makes in a geological map, that 
a comparison of the coal-measures of different countria, 
the mere statement of its area is of no value. 

4. Coal-Jield of Texas. — This extreme south-weBteni 
district, estimated at 3,000 square miles in extent, will 
be looked upon by the geologist as originally an exten- 
sion of its larger neighbour in Arkansas. 

5. Michigan coal-field. — A very considerable extent of 
land, between Lakes Huron and Michigan, and 
mated at 12,000 to 15,000 square miles, is occupied by 
a shallow basin of gently inclined or horizontal coal 
measures. The foundation on which they rest appears 
to be carboniferous limestone ; frequently containing, 
as it does also in British North America, deposits of 
gypsum. It appears singular that the interior of tlus 
coal district is imperfectly known, and that as yet only ft 
few points have been noticed where coal crops out. From 
these appearances it has been conjectured that but vetj 
few beds of workable coal — probably the very bottom d 
the series — exist here ; and a parallel is offered to tht 
bad plight of the Irish coalfields, — robbed of their chid 
contents by Nature's great planing-tool of denudation. 
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[t will excite no eiirpriae that in a country of which 

I interior ia so scantily peopled, and the timber-land 

II BO abundant, the coal-trade Bhonld be but of recent 
gin, and the quantity of foasil-fuel brought into the 
irket from native minea very inferior to the yield of 
iropean countries, in proportion to the extent of the 
il-rocks. It was only in 1820 that the first modest 
italment of 3(55 tons of cofil was sent from the mines 
Pennsylvania ; and we have seen that, doubling itself 
netimes in five, sometiraea in ten years, the amount 
B increased to above ten millions of tons in 1864. 
le other coal-producing States lag far behind, as will 
inferred from the following table, showing the pro- 
ice for the year ending June, 1864, and the pro- 
iee of the principal coal-bearing states for 1S75 : — 

BUta. Tona (IBM). Tons 116761. 

Bhode iBland 3,6Se 11,176 

Pennsylvania 12,698,412 31,641,805 

Mnrj-Iand 787,260 2,38n,a67 

I Iowa F l,G24,O0O 

WMtern Virginia '. . . 398,815 1,117,000 

Eentacky 91,036 381,000 

Miasoori 6S,1H7 762,000 

Ohio 1,324,685 4,416,193 

Indiana 146,787 812,600 

niinaiB 02^,293 3,566,000 

Uichigan 16,296 12,102 

Uinneaota 50,204 F 

Sansaa 23S 270,400 

California 44,938 168,758 

WaaMngton Territory . . 7,761 00,322 

A amall amount of lignite ii included in these ntunbcra. 

;lhe total quantity of anthracite raised in 1875 is 
jiTen at 20,984,000 tons. The statistics of the other 
ndBare less trustworthy, but it is estimated that they 
toll the total to 47,433,215 tons for that year. 
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It 13 reported,* too, that "great looseness seems t 
exist in the compilation of figures involving large si: 
as well as in the returns required to he made hy 
companies," Whence it is prohable that, ^lowin 
for local coHBUmption, &g., the amount raised in 
States cannot be less than 50 millions of tons. 

Years ago the progress of the Pennsylvanian m: 
would have been much checked but for the duty pli 
upon the importation of foreign coals, which has bei 
varied from time to thne, and is now 1 dollar 25 
per ton of 28 busliels. The distance from the mines i 
the chief centres of population, along the sea-board,' 
from 80 to 120 mites, and the carriage appears to coi 
nearly as much as the value of the coal at the piS 
mouth. The price at New York ranging in gi 
from 22s. to 24a. per ton, and occasionally (aa in 18W 
running up much higher, admits an importation int 
the States of above half a million tons annually. 

The great wealth in fossil-fuel of North America 
not end with the true coalfields above described. In 
eastern Virginia, a tract some 26 miles long by 4 to 
12 miles wide, contains coal in the lower part of the 
Jurassic group (with fossils very similar to tiiose of onr 
Whitby beds in Yorkshire), and the main seam is s 
to attain the thickness of 30 and even 40 feet of 
bituminous coal. The measures form an irregulM 
basin, resting upon granitic rock, and the seams nro 
much disturbed, and subjected to tbinniug where they 
are closely superimposed upon their primary bed.f 

On the Pacific side of the continent, lignites of | 

* Keporta from Her Hajesty'a Secretaries of Embiusy and Legft' 
tion, 1866. 
f Thk fonaalioa is now roCatwd to Uuj Ttitw. 
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I quality, and often in Beams of from 3 to 10 feet thick, 
I ttoke their appearance at divers localities. They appear 
to belong to the Cretaceons aeries ; to which age Dr. 
; Hector has satisfactorily referred the lignites of the 
Saskatohewan River and of Vancouver's Island. 
The geologists and statistical writers of the United 
I States have constructed diagrams and numerical tables, 
which gtft handed abont from one book to another, and 
I give, as I think, very erroneous ideas of the over- 
I whelming importance of the American coalfields as 
compared with those of Europe. It may be true 
enough that a vast area of country is occupied by rocks 
of the carboniferous period, and a proclivity to big 
figures may be gratified by calculating the tens of 
thousands of sq^uare miles of extent ; but it should bo 
recollected that among the European coal-fields are 
several in which, as in Westphalia and Silesia, the 
greater part of the productive ground lies covered by a 
doak of newer formations. The total area of coal- 
measures in the United States is given as 200,000 
ac[uare miles, whilst that of Russia is set down as 100 
miles; and this simple "unit of measure" ia then 
appHed as a standard showing the littleness of all the 
European fields. But if the same method of calculation 
were applied to Russia tliat has been acted on in Iowa and 
Missouri, and we were to take the length and breadth of 
the tracts over which coal-bearing rocks have been 
foand to exist, and may be deemed continuous, that 
empire, instead of figuring as a petty unit, would 
the States a hard race for mere extent of car- 
honiferons formation. 

On passing, then, to what ia of more weight— the 
thickness of workable coal — we are constrained to be- 
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lieve, whilst fully recognising the colossal value of 
Appalachian and of the Illinois and Indiana 
that the data for the estimation of the contents of thi 
others are not yet satisfactory, and that the progress 
of exploration in such vaat tracts will show many 
elomcnt for Gubtraction, 



CHAPTER IX. 

COALFIELDS OF ASIA AND OF THE SOm'HERN HEMISPHLRa 

On turning our gaze eastward from Mediterranean 
Europe to the Levant, we may observe the continuatioin 
of Bimilar characters in the rare occurrence of tms 
carboniferons strata, and in the frequent exhibition! 
of lignites of cretaceous or of tertiary age. The only 
remarkable instance of the former which we know 
Western Asia is the coalfield of EregH on the sonSl 
.ihore of the Black Sea, a district which was urgetl 
into some little activity during the Crimean war, birt 
which appears to have so far sunk back again inl 
the old sleepy state of ili-management as not even \ 
supply the limited requirements of Constantinople ani 
the other towns bordering on the Euxine. Every no* 
and then the diBclosnre of something black cropping^ 
out on hill or river side leads to the publication of 
paragraph which makes the round of the Europea 
newspapers, and fells of the discovery of a new " coal« 
mine," generally of " inexhaustible extent," and "qualify 
equal to the best Newcastle coal." It turns out to 1 
inslance of the patchy distiibution of the ligniteB^ 
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rrliich liavt) seldom been good enougli fa) command 
erioua attention ; although in one case, in the Lebanon, ■ 
|l conBiderable workings were carried on for this aiticia 
J daring the occnpation of Syria by Ibrahim Pasha, 
bJ In India, large tracts of land, especially known 
flijont the Upper Damoodah and in Bnrdwan, aro 
occupied by a coal-formation which, besides its extent, 
ia notable for very peculiar geological features. The 
active missionaries, Messrs. Hislop and Hunter, 
described to the Geological Society of London, in 1855, 
the occurrence of plants in the coal-bearing sandstones, 
some of them of genera which might be taken as 
common to the coal-measurea of Europe, but others, 
sachas Zaraites, Teeniopteris, Glossopteris, Vertebraria, 
and Trizygia, which indicate a Jurassic age. Some of 
these bear a close resemblance to the contents of our 
Oolitic coal-beds of North Yorkshire, end to those oi 
Virginia, and the parallel ia rendered stronger by the 
presence of remains of Lepidotus and ^chmodus, Ju- 
rassic fish, in the Kota shales, which appear to belong 
to the same series as the Nagpur plant-bearing beds. 

Heaars. Blanford and others of the geological stafif 
under Professor Oldham, have been working out the 
relations of these Eaetern coalfields ; they divide the 
coal-bearing strata of Bengal into the Barakar, or 
lower Damoodah, the Ironstone shales, and the Hani- 
ganj beds, ascribing them to the upper palceozoic period, 
and the overlying Panchet group to the Trias.* 

Farther to the north-oast, the iugonioua and eloaely- 
packed natives of China and Japan discovered at a 
very early period tho value of the fossil fuel which in 
both countries exieta in large quantity. Writing of 
• Coal raised in all India for 18S3, .5^7,971 tons, an amount, according 
to Mr. W. Blanford, P.B.S., notmucl\eMecici\ea"ieoia^&\KE, 
p 2 
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the northern part of China, Marco Polo stated, in 
describing his travels between 1270 and 1290, "Through 
the whole province of Cathay, certain black stones are 
dug out of the mountains, which put into the fire, 
burn like wood, and, being kindled, preserve fire a long 
time ; and if thej be kindled in the evening, they keep 
fire all the night ; and many use these stones because 
that though they have plenty of wood, yet there h suck 
frequent use of stoves and baths, that the wood could, 
not serve." 

There appears to be no doubt that seTeral large and 
rich fields, producing coals of good quality, exist in 
China ; but we have obtained hitherto only meagre and 
fragmentary af^counts of some of them from travellers 
unprepared with technical knowledge. On the upper 
waters of the Yang-tse-kiang coal seams crop out to 
the smfaee over a very large area, and are worked on s 
small scale by levels driven into the hills. 

In the prefecture of King-hua, W.S.W. of Ningpo, 
and near the town of E-u, coal-pits are described hj 
the Rev. B. Cobbold, which have been opened npoa 
seams of a bright non-bituminous coal. The mines are 
from 300 to 500 feet deep, sunk in lifts of 40 
50 feet at a time, and having the mineral raised by- 
successive windlasses at the intermediate stages, * 

Notwithstanding the facilities of water carriage 
ejQsting throughout a great part of China, it is manifest 
that great improvements must take place in the mining, 
operations before these stores of mineral fuel can be-' 
made fully available for manufacturing and for the 
requiremcntsoftbcsteamnavigation of the Eastern seaa,, 

A certain amount of prejudice, derived no doabt 

• Fart of the prorincB Sctunsi, dtbi aa aTea of 1,-100 flquara Qermaa 
mHea, is dvscribed by Von RicttUoien as h,w n.nflii™^\fl ^iA4, -«iak 
-- -a 30 ft., mostly horizoatel. V. a\aQTojn'Sfe'iiV'-'^^'<*s~ 
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from negative evidence, disinclines us to believe in tlie 
eriatence of carboniferoas formations within the tropica, 
and the diacoveries of coaly substances hitherto made 
in the wanner regions of the earth have generally 
tended only to show that beds of lignitic matter were 
formed even in these latitudes amid some of the later 
formations, whilst the true carboniferous rocks have 
not yet been traced within many degrees of the equator. 
A great local value may attach to these coaly lignites 
of superior quality when workable in certain sitaationa 
accessible to steam vessels, as at Lahuan and elsewhere 
in Borneo,* and even on the banks of the ZambeaL 

On arriving at the southern latitude of Sydney, in 

Australia, we meet again a great development of th* 

carboniferous system, exercising already a considerable 

influence on the fortunes of our rapidly growing 

colonies. Since the systematic description of the coal- 

beariag beds of this region by Count de Strzelecki, in 

1845, numerous observations upon them have been 

' contributed by Mr. Beete Jukes, the Eev, W. B. Clarke, 

Mr. Selwyn, and Mr. W. Keene, which leave no doubt 

as to the palaeozoic character of the lower part of a 

I great conformable series of strata, although the upper 

I portion presents anomalies reminding us much more 

of the Indian coalfields than of anything which we 

possess in Europe. 

Mr. Clarke proposes the following general diviaioas— - 



1. Wiananiatta ahalea, 700 to SOO ft. thict, 
3. HawkeBbory Rocks, or Sydney Sand- 
atone, 800 to 1,000 ft. thick, 

3. TTpper coal measures, with the conl-BcamB 

of Newcastle, &c., 6,000 ft. thick, 

4, Lower carboniferous rocks, 8,000 ft. thick. 



Upper carboniferona, 
or Fennion (Dana), 
Jurassic (McCoy). 



* See Quart Joai, Gaol. Soo., rol. if., y, B6, an&^iA.a-i'6-^- 



jointed at intervals of from 6 to 18 feet. At the . 
selected for the bore-hole, it is ttsaal either to ere 
wooden-atagiDg, or to sink a preliminary pit to a 
feet or yards in depth, so that a greater length of 
may be drawn at once, and part of the tedious delay 
screwing and unscrewing may be aToided. To aid 
this object, too, a tall triangle, derriclt, or shear-lej 
with sheavej should be ereeted; within which the n 
may be drawn and lowered by the agency of a windlaei 
In order to lift the roda and cutter a ffew inches f« 
each stroke or blow, either a spring-pole may be used, 
fastened down at the but-end, and with the rods sua. 
pended at the thin extremity; or a windlass, rount 
which a rope coming from the rods is passed witJ 
two or three turns, whilst a man holds the " slack,' 
and when the cutter is raised to a sufBcient height b] 
the men at the windlass, slips the rope to allow th* 
rod to fall. Meanwhile a rotatory motion is given 
the rods at each stroke by the master borer and hii 
assistant, holding a cross-bar which clutches the uppa 
rods a little above the sarface. The cbisel thus at ead 
blow cuta the ground in a fresh position, and when this 
action has been continued long enough, the rods arfl 
withdrawn, by unscrewing length after length, and the 
" sludger," an iron tube of 6 feet long, with a valve in 
the bottom, is lowered by a rope, and being dropped 
hea\-ily several times to the bottom of the hole, soon 
gets filled with debris, which being then brought to 
the top are carefully examined, whilst the rods «n 
again lowered, to go on with the pounding action. 

In order to reduce the time and expense of tbig. 
mode of boring, the Chinese system of boring by 
rope insiettd of rigid rods, "has \)eeTi. ». gwA 
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employed of late jean ; box k Ss €f«K. » at 
ci sometimes making the bole iirTnis. snt 
of ending in the catastrophe cf a zczkssL rmu mi 
the heavy iron cylindiical cau£n?-%cc£ rsiuauitr K 
bottom of the bore-hole. 
Exploring bore-holes aie gsrsnZrj&oiL 1 r:^ lu. 
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diameter, and may be giiariei ifEzis: 3x00.7 ^ "^ 
accidents to which ther are Ifa^Ce. vr b£LZ;r 
pipes of sheet-iron, added csi ^-ici a^ors 1 
increases in depth. 

When larger diameters ar& m- le €Slzuz^^ ad 
greater depths than ^M cr -('» fegg garTt»^L '3i£ 
serious difficulties which sapssr^zji art S£C 17 tbiiiiq; 
contrivances, snch as the hoOsw ^oii izR ^xsxsaiiJ^ 
used by (Eynhansen, wooden rods wis. ircc KcatSTLinm, 
the free-&lling catter first d^rSsed Ij Kii«L 4.!. : Vm n? 
these relate chiefly to the boiiiiZ cf ArueGiz. w*i!l£ f x 
water or for brine, we need bat 

We may, however, cite as, 
able borehole yet aoocmplished. ozl^ 
since been completed by Herr Kiiid, f :r eip-lirk-z J'it- 
poses in the coalfield of Crensot, in Fr&rr?&. to v2>e dermic 
of 920 metres, or 3,017 feet English. 

Steam-power has for these p:irpc€€s be^ri: l^rre> 
employed of late years. Messrs. Hatter £i.i Ka:t 
have made remarkable borings by their i^geiioTss 
cutter worked with a flat wire rope ; and several patents 
have been taken out in England and Scotland for 
different means of applying this more economical 
power, whilst Messrs. Kind, Degousee, and 3Iulot have 
severally availed themselves of it in their great works 
in Germany, France, and Belgium. 

At some mines a set of boring-ioda \a s^v^i^:j ^MS^^ 
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for exploratory work, and for occasional operations to 
assist the working of the mines ; whilst in many of out 
districts the work is performed nnder contract, by 
borers who devote themselves to this particular task. 
The tariif for boring at Newcastle was, in 1854, 

for the first five fathoms 7s. Qd. per fathom. 
,, second ,, 15a. Orf. ,, 
„ third „ £1 2a. Qd. „ 

and so on ; irrespective of charges for carriage, fixing 
apparatus, -ind boring through rocka of unusual hard- 
ness, aa whin, &c. For deeper bore-holea, ue., from 
1,000 to 2,000 feet, it is difficult to give an approii- 
mate idea of the expense ; but thousands of pound* 
lire soon involved, and cases might be quoted of Budi 
operations iu this country where the cost has been 
at the end no less than £9 and even £12 per foot I 

A patent was taken ont in 1844 by Beart, and a 
similar plan practised by Fauvelle in France, for 
hastening the work by employing a tube as the boring- 
rod. Down this tube a stream of water was made to 
flow, in sufficient volume to carry off and bring lifi 
round tlie circumference of the bore-hole, the dibri^ 
made by the cutting-tool. 

The abrading power of diamonds set in a steel ring 
and at the end of a tube rapidly rotated, as suggested 
by M. Leschot about 1866, has been largely adopted 
for bore-holes of from 500 to 3,000 feet deep. 

A great advantage which boring possesses over the 
ordinary sinking of a shaft is that the operation can be 
carried on without the necessity of pumping out the 
water. In order to combine this source of economy 
with the mode of gaining personal access to the coal, 
shafts from 3 to 15 feet diameter \iavcTO\\ 
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>een sank by gigantic boring apparataa ; snccessfnlly, 
10 far as related to the total cost, and forming a procesa 
ipplicable with great advantage if only a suitable lining 
ar tabbing can be inserted, and a water-tight junction 
effected below the points of influx of water. (See 
p. U9.) 

The shafts by which all collieries are opened and 
worked, except the few which in hilly districts have 
■the advantage of free drainage, are generally circular 
in England, though many elliptical and a few rectangular 
ones may be seen in South Wales, and the latter form 
is common on the Continent. In Belgium a polygon 
of 10, 12, or even 16 sides is a frequent form, and 
ia adopted, like our circular ones, for the better resist- 
j anoe, by aid of the special hind of lining employed, 
; to the pressure exerted upon it from the rock around. 

A very few only can now be seen of the little old 
pits, like draw-wells, of 4^ feet in diameter ; and 
I whilst for ordinary purposes they are now commonly 
8 or 10 feet diameter in the clear, they attain when 
intended for an important upcast, or for a large get of 
■ cosl, to as much as 16 or even 20 feet diameter,* 

The actual sinking, when in ordinary coal-measures, 
I ia effected by the heavy pick, called a hack, by hammers 
I find wedges, and by blasting with powder ; whilst the 
I teoken ground is raised to the surface at first by a 
common windlass or jack-roll; then, as the work gets 
deeper, by a i/lu or horse-whim, and afterwai'ds by a 
steam-engine, often a temporary one only, to be 
;IH{)laced, when the pit is down, by the regular winding- 
engine. 
Bnt when the measures are covered by other and 

• Elliptical pita have boon mmk in South WiJoa and at drntclinaui, 
ti BelBitUD, as much as 20 and 22 led in lenstb. 



COAL AND COAL-MIXIXG. 

more absorbent atrata, saturated witli water, the 
KiB^ of a colliery becomes a most serions andertaking 
taBkiog the energies of the beat men, and sometii 
collapsing after a ruinous outlay. 

Examples of these difficulties are affordtd by enrfsd 
beds of sand and gravel, by the well-known red sani 
nuder the magnesian limestone, through which Si 
many of the North-country pita have been sunt, ant 
by the terrains marts encountered by the coIKers o 
Mons and Valenciennes. 

As long as the coal seams are accessible at BmaE 
depths, managers art liberal in the ttse of shafta; 
indeed there are districts where the great number o) 
old shallow pits are a positive nuisance to the modem 
workers. But as expenses increase with depth, it 
becomes an object to work a larger area from oni 
establishment of pits, and for this purpose it ia worth 
while to improve ventilation and the underground 
carriage, so that shafts at freqnent intervals shall not 
be needed. Even when flying along in a railway traia 
you may remark the difference ; how in parts ol 
Staffordshire you will see the ground riddled with 
crowds of pits, whilst in Durham and Northumberland 
a single "plant" of pits and engines will work tha 
ground for a mile or two on each side. 

The cost in extreme cases being some £60,000 for a 
pit of near upon 300 fathoms in depth, and being stated 
once or twice to have amounted to near £100,000, 
there is a great temptation to make this one suffice ; 
and by means of brattices or divisions (of wood, or brick, 
or stone), wonderfully good raining has been done in 
the Northern coalfield with a single shaft. But since 
ihe end catastrophe at Hartley, -whicH le^^iiteji ftoni. a- 
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eoncatenation of omiEsions and mtsfortoncs, an Act o 
Parliament reqairea that where there is no second outlet 
another eliaft shall within a limited period he snnk. 
Ilany of the larger works, however, are ahle to apply 
a epecial &haft to tlie ventilation as ao apcast, whilst at 
oilers coal will he drawn, and at one of tbem tlie i 
pumps worked. 1 

When the meaanres throogh which the pit is sank I 
consist of stony rock, they are often allowed to stand ' 
open, but when shales preponderate, and in all cases ' 
where much traffic is carried on, the pit would become 
a dangerous thoroughfare, and has to he walled with 
brick or stone, to which in some coses, as against 
the intlus of water, wood or cast iron may be preferred. 

In frftgUe ground the commencement is to secure the 
shaft by temporary timber. Curbs or cribs, rings formed 
fif segments of wood, are prepared, to fit the dimensions ■ 
of the shaft ; and, having their joints in the directiun 
of the radii of the circle, will when 4, 5, or 6 inches 
square, resist a heavy pressure from the aides. They 
are supported at intervals generally of about 3 feet, 
by a few upright props, and are, as it were, hung to- 
gether by thin planks, ternied stringing deals, which ara 
ntuled against them, whilst the whole structure may 
be temporarily suspended, if need be, by attaching 
it to a couple of stout balks laid across the top of 
the shaft Behind the cribs a backing is formed by 
driving down planks of some 6 feet long, close together 
in bad ground, or at small intervals in favourable rock, 
"When a fii-m foundation of atone or bind has been 
reached, a bed is prepared with hacks or chisels to j 
receive a broader ciirb of either wood or cast iron, and on . 
tliia & wall of brick-work is built up to toa WEfeftfc^'S 
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abore it when tip-room is required. The pit is the 
recommencecl, of smaller diameter at first, afterward 
opened to ita former dimen- 
sions, and at a suitable place 
a fresh length of walling ia 
begun, and carried upwards 
till by careful adjustment it 
is made to coincide with the 
upper length and to join up 
to its curb. In some few 
cases, where soft materifd 
has to be passed througl 
the walling has been built 
at the surface, held togetht 
with tie-rods or clamping 
bars, and gradnally sunk 
downwards by cautiously re- 
moving the ground front 
beneath thecnrbs uponwhidi 
it is constructed. Butwhei 
actual quicksand oecupiefl 
the surface, various oth« 
contrivances have to be em* 
ployed. The method of^!7in« 
is to drive down iron-sho^ 
3-inch battens of 12 or 14 feel 
in length, supported by curbs, and forming a circle 
much larger than the ultimate size of tlie shaft as to 
leave room for successive inner circles of piles downj 
to the depth at which solid ground is expected to bfl 
foand. The sand is of course excavated in proportion 
as it ia practicable to drive down the piles ; and 
hngtbj when a firm foundatiou ia reached, a broa^ 
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^^H) is laid, and the waUing built ap id the niidsU 
^^BBt tlie space around it is carefully filled np atun 
^Hved closely. I 

^^b> obviate tbe expense and delays of this BjsteilU 
^K (flinders have been in Bome cases saDk hfl 
^^BBore; but this again, from the difficulty ofkeepinn 
^^fci vertical, and (if they be intended as thsj 
^ftaanent lining of the shaft) from the obstacles to ■ 
^H^ing a water-tight joint with the solid ground at 
^^raottom, is a very troablesome process. In order to 
PHomplish the latter object, M. Triger, in Ihe year 
1645, introduced in France the ingenious idea of 
keeping ont the water by forcing down compressed air. 
He formed, by means of a flooring in the tube, a lower 
air-tight compartment, in which he found it feasible to , 
work under a pressure of as much as SJ atmospheres, ' 
obtained by air-pumps driven by a steam engine, and < 
by this means succeeded in establishing his water-tight 
joint at depths of 60 and even 82 feet. For the more ' 
convenient working of this method a second chamber 
was formed above big lower working one, which had 
a trap-door eommunicatiug with the shaft above, and 
another opening into the chamber below ; and one of 
tbese doors being always closed whilst the other was 
opened, the excavated material conld be drawn up 
without any serious loss of the compressed air. A 
stand-pipe, passing from the surface down into the 
bottom of the working, afforded a ready means for the 
water to rise in a constant stream. Triger'a method 
has been applied with success in several shafts in the 
valley of the Loire, and more recently at some difficult 
sinkings in Belgium and AVcstphalia. 
One of the most important bene^ta tou^ieneii. wv 
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coal mming liaa been the introdHction of tuhHnff cl 
Bhaftg {cuselage, Fr.) largely practised in the North o\ 
Kngland, and on a Bomewhat different method iE 
Belgium, Northern France, and "Westphalia. When- 
ever large springa or feeders of water occur in th( 
sinking of the pit, and a series of water-tight meas 
intervenes between the watery beds above and the sean 
of coal beneath, it ia possible by this means to keep 
out the whole or nearly all of the water, and thus t( 
relieve the mine of a constant and sometimes rninoui 
water-charge. 

Towards the close of the last century several of thi 
shafts near Newcastle were thus fitted with plank- 
tubbing. At a small distance below the watery strata, 
a bed was carefully cnt and dressed to receive a wedging' 
curb of oak, between the segments of which thin dealt 
were placed edge-ways ; the joints were then wedged 
with wedges of seasoned fir introduced by means of 4 
flat chisel, and the space between the curb and th( 
atone at the back was similarly driven full of wedges. 
Lighter rings of wood, the spiking curbs, were theq 
placed at intervals of 18 inches to 3 feet, according to 
tlie pressure, and to these were fixed by iron spikeS 
planks of 2\ or 3 inches thick, bevelled to suit tbei 
sweep of the shaft, and the whole structure was thus 
carried up to a point above the watery strata, and there 
capped by another well-wedged curb. Thus the w 
was prevented from entering the pit, and a pressure of 
as much as 100 lbs. to the square inch could be resisted.' 

The corrosion of the spikes, and the consequent 
serious leakages, have caused the abandonment of 
this flrst method. 
J&KiB aftetvaxda the soVid reood t^btn-tig -w?>^ biied, 
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irhicli is now largely practiBed in the polygonal pits of 
the Belgian and French coliieriea. A wedging curb, 
imsse picotie, is, as before, placed on a carefully 
Fmoothed bed, and sometimes superposed on a narrower 
rae called the trousse colletee; thin slit deals are placed 
between all the joints, moss or oabnm is packed in at 

back, and by wedging, as long as a chisel can be 
made to enter, all the joints are made tight, and the 
ipace at the back crammed full with thousands of 
iredges — at first of a broad flat shape, and afterwards 
narrow pointed ones. The tubbing itself consists of 
blocks of good oak or elm, with the joints well planed 
and lined with sheeting deal for farther wedging. 
In the polygonal pits the vertical joints are made to 
coincide, tlic horizontal ones are irregular. As before 
deBcribed, the length of tubbing is carried up past the 
watery gronnd, and capped by another wedging curb, 

joined to an upper length of similar work, A 
tnlihing of this kind has the advantage of resisting 

action of corrosive water, and when well executed, 
withstands a pressure of two or three hundred pounds 
to the inch. At Carling, in the Department* of the 
MoBeEe, a pit has lately been sunk by M. Pougnet, to 
Work seams at 230 and 280 metres depth, and it has 
Tieen tubbed in the manner above described, for a 
length of no less than 160 metres, or 524 English feet. 
The forcing down of cast iron cylinders has in many 
cases been successful j but when the diameter is large, 
and the tubbing needed at somo depth in the shaft, 
tiiey have been cast in segments, having flanges towards 
the inside of the pit by which they were bolted together. 
This variety has now become almost obsolete since the 
introduction of the modern method, but is nevettbelesa 
. • Thisie njihiij the Jiatrict rcocally ouilQito'SriWia. 
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capable of doing good service, especially in going dow 
through alluvial matter at the surface. My frieni 
the late Mr. Fletcher, M.P,, F.R.S., hy this 
carried a shaft successfully through sixty feet of cnar 
gravel and bouldera, full of water, in the vaUey of tl 
Derwent, between "Workington and Cocliermoutii. Tiiil 
shaft is 12 feet diameter in the clear; the lower rii 
of IS inches high was sharp-edged below, and aho' 
this only the vertical joints were bolted, the Lorizonfal 
ones left free to a little play. The exterior of tliia 
tubbing is of course flush, to facilitate its 
downwards, and the joints lined with sheeting deal to 
make them tight. 

The great facility of dealing with cast iron, or md^ 
in any desired pattern, has led to the special advance- 
ment of this vaiiety of tubbing in England. The 
commencement is very similar to what has already beea 
described. One, two, or three wedging curbs, according 
to the pressure expected, in segments of cast iron, are 
laid and wedged with the greatest care, since perfect 
tightness here is of the utmost importance. Upon thP 
upper one the plates or segments of tubbing are bnilt 
up, sheathing of pitch pine, f or ^ inch thick, being 
inserted between all the contact surfaces, and thei 
vertical joints broken, as in stone work. The plats 
are from f to 1^ inches thick, and between 3 feet an3 
12 inches in height, according to the amount 
pressure to which they will be exposed. They are 
smooth towards the inside of the shaft, but strengthen* 
on the outside by flanges and cross-ribs, supported 
brackets. Before being placed, they should be teal 
for soundness by being smartly struck all over with 
moderately heavy hammer. Every segment has 
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e middle, through which the water may escape 
whole Btrncture is prepared. The vertical 

meantime wedged, hut the horizontal ones, 
af lifting the plates, wait until a sufficient 
segments has been built up, and is surmounted 

'wedging curb. Then, beginning at the 




jaken phiga are driven into the centre holes 
iter rises behind the plates, and the wedging 
lints is completed. The air or gas must be . 
to escape freely above the water, and caatioii'l 



^nis 
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therefore is exercifled m not plugging too rapidly. 
Should any aeriform floid thus be imprisoned it will 
be apt to burst a plate or blow out the aheathinc; ; and 



I 
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in order to relieve the pressure, a pipe is sometima 
fixed from the upper ring of plates to the next leng^ 
of tubbing above, and again from that to a higl 
part of the pit. 

One of the most remarkable instances of tnbbmg is 
that of the Shireoaks Colliery, recently opened by the 
late Duke of Newcastle. The pita are 515 yards de^ 
to the " top hard " seam, 12 feet diameter, and the tub- 
bing in 11 lengths, extends for a total depth of 170 
yards, and weighs about 600 tons in each pit. My friend, 
Mr. C. Tylden Wright, under whose supervision it waa 
completed, informs me that the pressure at the bottom 
was about 1 96 lbs. per square inch, and that the cost of 
the lower and stronger part was as follows, per yard 

126 cwta. of cast iron at 7s. ... 4i 2 

Filing ditto 3 

Wedging, about 3 

Laying rings (aljout 10 jatda B^attl . . Vft Q 
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In order to give a vent to air aniJ gas, taps and pipca 
are applied, communicating from behind the tubbing" 
to the surface, through which a large volume of wat«r 
is now discharged ; and by the final compIetioQ 
of the work in 1858, heavy feeders of water, which 
during the sinking yielded as much as 500 gallons or ' 
8i toQfi of water per minute in the two pits, have been | 
thoroughly excluded. 

Cast iron is so subject to destruction by the corroding 
action of the water, and of the smoke and gases from 
the ventilating furnaces, that many schemes have been 
tried for its preservation ; a close lining of brick answers 
well, but makes it difficult to get at and wedge up a 
leak or replace a faulty plate ; a coating of paint or 
tar, and a lining with wood (3-inch brick-work at 
Shireoak) are more or less efficacious. 

M. Chaudron, a Belgian, has succeeded in tubbing 
pita by a method which is proved in watery ground to 
offer great economy. The shaft is hored by Kind's 
apparatus, and the cast-iron tubbing lowered when the 
boring is done. The bottom ring of the tubbing haa 
a sliding case, in which is placed a quantity of moss or 
oakum, which when the whole length of the tubbing 
comes to rest on the water-tight bed cut for it by the 
borer (under water) gets so packed as to form a tight 
joint. The water is then pumped out, and the pit is 
ready for wedging and completion. At the colliery of 
Peronnes, where the watery strata extended from 141 
to 344 feet deep, the pit wjis tubbed at one-fourth the 
usual cost.* I 

In Westphalia much attention baa been given to j 
tubbing with stone set in hydraulic cement, but although i 
applicable in some cases, this metkoi \ft tiiT0."2?ii9.*i'(9.\^ j 

eiamploa oE the succeaBtiV t.Y^Xicii'wni <l 
jn.iy the nnthor, in the 1ia.TiB."SQiSD..\ti.^."A'V 
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clumsy when a, heavy preaaore has to be met, and H 
cement ia liable to destruction in furnace Bhaf'ts, Tl 
first outlay for a substantial tubbing, whatever be t] 
material, is no doubt verj' serious, but the gre 
advantages to be gained when it can be suitably appli( 
are such as to make it deairable to extend the practi 
more generally. It is not only a benefit to the mil 
in relieving it of a heavy and constant charge, and 
the interruptions and accidents inseparable from tl 
uae of large pumping apparatus, but it is an advantag 
to all the dwellera round, and may thus interest 
general public, aa retaining the waters in their naton 
channels, and thus obviating that destruction of spring! 
which is often charged upon the miner as a heinoi 
e by other members of the community. 



^ CHAPTER XI. 

DBIVING OP LEVELS AND OUmNO THE COAL. 

The preparatory work of a colliery ia far from "bf 
completed when the shaft has reached the bottom of' 
the seam. It would be ruin, especially in deep work- 
ings, to attempt at once to extract coal iu any quantity, 
for the weakening of the gi-ound by its removal would] 
not only tend to bring in or destroy the pit, but would' 
crush the roads which ahonld remain open as thorough^ 
fares for the working of the distant parts of 
"royalty" or field of operations. 

In the first place, then, a large mass of coal shoold- 
ie left un-KToaght around tKe -pit aa q, shaft-pillar^ 
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having only the narrow drifts cat throngli it, which 
are to be employed aa roada and as channels for air 
and water. Next, the levels or drifts for these pnrposes 
are to he driven out in the directions reqnired hy the 
lie or position of the Btrata. Where the heda have a 
definite dip in one direction, the working pita arc 
QBoaUy placed as far towards the deep as it is con- 
venient to go, so that, nndergronnd, the coal may be 
brooght down hill to the pit-bottom. But as the 
workings advance, it may after a time be convenient, 
instead of sinking fresh pita farther to the deep, to 
flink the existing pita deeper, and drive oat cross-cnts, 
or to work down-hill and bring the coal npwarda by 
engine power. 

The annexed figure represents in section the valuable 
upper Beams of the Flintshire coalfield, where they dip 




Vig, 15. SmUan of DMl hbhu at BagiUt— ISO yards to tbeinah. 
S, 6, sod 3 are thB two, file, «ni airee-yard coab raspoctiyelr. 
n aod 1 F nn the I>urbos and foof -foot neomB. 

beneath the estuary of the Dee. The ^ita at Top Hill 
hare crogs'cuts driven through, the measwaea ', *Oaa-^-*a 
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oxidising action of the air, withoxtt being artificiaily 
secnred. The most usual method of effecting this im- 
portant end is with timber placed in sets of three, at 
intervals of 3 or 4 feet. Two of them , commonly larch 
poles, or sometimes oak, 4 to 8 or 10 inches thick, are 
placed as uprights, legs, or stanchions against the sides, 
and the third laid crosswise upon 
the heads of the others aa a cap 
or head-piece. When the roof 
is apt to crack off, it is addition- 
ally protected by planks laidapon 
the cap-pieces from one set to the 
other. Or better still, and in 
some eases absolutely necessai)', 
is the arching of the main roads with brick or stone, 
now and then — when the floor is very soft — resting on 
an invert flat arch below. Especially near the pit 
bottom, where more room than nsnal is wanted for two 
trains of waggons, and wherever a pass-by is required, 
it is needful either to construct a good wide arching, 
or to have the wooden caps so long, that they should 
receive the support of an additional prop in the middle. 
It is obvious, although sometimes neglected, that 
in order to obtain the full advantage from the timber, 
the direction of the main pressure should be duly 
considered, and that no unnecessary cuts should be made 
in the pieces which may weaken their full resistance ; 
also that the caps should be so fitted as not to act like 
wedges in splitting the uprights as soon as the weight 
presses ; and again, that in inclined seams, the props 
should be placed at right angles to the floor and roof, 
BO aa to prevent their being forced out of position by 
the weight from above. 
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Instances might be cited where, as soon as the main 
loads have to he maintained near extensive workinga, 
it is found to ho the hetter course to remove all the 
coalj and to trnat to pack-walls, built up of debris to 
Bustain the roof, rather than to leave a rib of coal. 

Although commonly called levels, and carried theo- 
retically in a horizontal line, at right angles to the 
main dip of the bed, these drifts cannot he carried 
perfectly level, or the water would not flow back towards 
the month or the pit-bottom. Add to which a certain 
moderate amount of inclination is needed in order to 
facilitate the bringing out of the loaded trains or 
waggons. A rise of 1 in 130 appears to give the 
maximum of effect to horse-power in drawing the full 
waggons down, and the empty ones baclc, bat 1 in 200 
IS often adopted, especially where it is an object to gain 
the greatest possible area of coal from a given winning. 
In certain districts, as in Dean Forest, a colliery may 
be limited on the deep side, by a level to be driven 
from a certain point, in which case the utmost endeavour 
will be applied to drive it as nearly horizontal as prac- 
ticable. The men occupied in driving will often be 
found to swerve upwards with the floor of their drift, 
and constant attention is therefore needed to keep it in 
its true direction ; and when intended for a traffic road, 
to make it as straight and regular as possible. In 
former days all the little rolls and inequalities of the 
beds were closely followed ; but at present, when the 
cheap conveyance of large quantities is a more 
prominent object, they are, when it is feasible, 
neglected, and the levels cut boldly through coal or 
stone, as the case may be. When iraidiles or dis- 
locations occur, their magnitude must ift^imMXft 
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how far this regularity may be carried ont, or 
the level will have to be swerved from its direction in 
order to catch, at the nearest distance, the coal on the 
farther side of the line of fault 

In certain modes of working, the removal of the 
coal will begin at once from the rise aide of these main 
levels, but in others, upper pairs of levels will be driven 
parallel to the first, and connected with them by rise 
drifts, or cross-headings at certain intervals. In other 
modes again, the chief working places will be started 
from pairs of up-lull drifts {bord-gates) carried up the 
rise of seam. 

The expense of this narrow work ia to a great extent 
got rid of, when, as in certain varieties of loTig-Tnork, 
to be presently described, the levels themselves can be 
included in a broad face of excavation, which is simpij 
pushed forward iu advance of the remainder of the 
coll Lory. 

We may here glance at the cutting or hewing of the 
coal, which in the levels has to be effected by much the 
same means as in the larger workings, although the 
greater amount of labour which in the former must be 
expended on a given quantity of coal, and the smaller 
size into which it is cut and broken, renders it necessaiy 
in general to pay the men by so mucli per yard on theh 
progress, instead of by the ton or tram. 

The pick (pike, slitterj or mandril) is the special 
tool of the collier, much varied in different districts, 
even for cutting coal; and of different weight and 
strength in the same pit, according as it ia intended for 
under-cutting (horizontally), for shearing, or catting 
vertically, or for working in ahale or stone. The handle 
fahaft, or hilt) is from 27 to 33 inches long, and the 
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double-pointed head from 18 to 20 iuchea ; Bometimes 
fltraight or nearly bo aa in central England, and Id some 
varieties of the Belgian rivelaine, frequently a little 




curved, and sometimes in the North mucn " anchored. 
The points are steeled and sharpened four-square, mth 
a very narrow cutting edge,* 

In breaking down or getting the coal, thefirstopera- 
taon is to benck^ Mrve, or iole it along the bottom of the 
seam, or in othtr worda, to cut a groove to the depth of 
two or three feet either in the lowest part of the coal, 
or in the clay that underlies it. If the clay be tough 
and hard, it often follows that great waste ia caused by 
holing in the coal, for as the groove advances in depth, , 

* Ooal picks with singlo paint oru rarely to be se^n in these ialani^j , 
In Pambrokealiira thoy haro boon used for the autbradte ; bat oi 
■" " It thoj ai 
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it must also te cut higlier at its commencenient, and 
the whole of the material is chipped bo small aa to be 
useless. Some coals are so strong as to require no 
support during this operation ; others, which are tender, 
or divided by frequent planes of cleat, backs, &c., re- 
quire to be propped or spragged, especially when, in 
very deep holing, the hewer has to place himself almost 
beneath tiie seam which he ia detaching. For thna_ 
holing at the bottom of the seam, the collier lies on 
side, and in this apparently constrained attitude BWinj 
the pick almost horizontally, and delivers 
of smart and well-pointed blows before he proceeds 
remove the debris. In certain seams there may he 




advantage in holing in the middle, or even at the top, 
accordmg as partings of soft shale or friable coal may 
occur ; and in one and the same colliery you may 
sometimes see two or three methods of holing in 
practice. 
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When the coal to be cut away is a short block, as in 
the driving of levels, it will generally need aliearing 
or vertical cutting to free it at the sides, aod even in 
wider workings this operation is sometimes reqnired ; 
then at length the final breaking down or " falling " of 
the seam thus partially freed is completed by applying 
taper wedges at some few feet apart, and driving them 
with heavy hammers ; or in the case of a more resisting 
material, by blasting with gunpowder. The operation 
of boring a hole and firing the shot for this latter 
purpose is very rapid and easy as compared with the 
blasting in hard ground. A drill, with broad and 
sharp bitj is quickly driven forward by hand in the soft 
and brittle coal ; the hole is usually dry ; plenty of safe 
tamping is at hand ; risk there is none in using an iron 
needle (except of course in stone) ; and danger ia only 
to be apprehended where fire-damp is apt to be present, 
and where the anomaly exiata of using safety lamps 
and yet firing charges of powder. 

Thifl state of things has in fact caused frequent acci- 
dents, which can only be guarded against either by 
allowing the practice under the careful supervision of 
o£GcerB, or by forbidding it and giving the men a so 
much better price for their work as will be needed to 
make ap for the smaller amount they can get by wedg- 
ing as compared with blasting." 

Some seams there are which will not bear this 
systematic mode of work, where the coal will not stand 

" It IB protable that mucli majinal labour will te spared by the 
introdactiou of eoal-outters, worked by Btearo, oompiesBed air, or water. 
SaTBTsl ingenious macbineB bave already been put to practical work, 
unong which wo may cite those of Messrs. Firth and DouuiBtborpe, 
of MesfDS. Lerick, and the hydraulic slctling machine of Oairett, 
MaffiT »nl lj and Co. ; but it would bo piemature to expross an opinion 
on UiOT general appli<;ability. 

Q 8 
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to be holed, and must be picked down in irregulfli 
pieces. In collieries in the South of France I have 
seen this operate as a drawback to cheap " getting " 
and to obtaining a due proportion of large coal. But 
a magnificent example to the contrary is the pore 
"spiry" four-foot seam of Aberdare, where, at Mr, 
Nixon's Navigation Pit, a pick seems to be hardlj* 
needed ; one smith safSces to sharpen for 300 men, and 
the coal in the face comes down so readily that a man 
has only to show it the point of a bar, and in a few 
minutes haa spread before him masses enough to fill a 
tram I 



CHAPTER XII. 

POST-AND-STALL, AND LONG WORK. 

Is the general form in which the colliery is to be 
out determined on, the position of the shafts, i 
levels, and direction of the working faces settled by 
local conditions, we have next to solve the question of 
tho best mode of the working away {exploitatiori) of 
the coal. 

The most simple and natural method would appeaf, 
to be, to open ranges of working-places, each as widfl 
as the nature of tho floor and roof will admit of with' 
safety, and each divided from its neighbour by masses 
of coal broad enough to sustain the pressnre from above. 
This is in fact the rudimentary idea of the system of 
post-and-stall, or bord-and-pillar, {stoop-and-room of 
ScotJand). In fullest opposition to this method is that 
of remoriag (he whole breadtb. oi cq;:! 
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continiioiiB face, aupporting tlie loof at the immediate 
*' face " by temporary props, and allowing the super- 
incumbent strata to break down bodUy at a few feet 
distance behind the workmen — long-wall or long-worh 
Other modifications there are, which partake more or 
lesB of the character of one or other of the above two 
Bystems, and which are in vogue in special districts. 

Hie post- and- stall work ia most largely practised in 
the Northern collieries ; but in one form or another is 
met with in most coal districts, and ia sometimes called 
for by particular conditions, such as thickness of seam, 
tenderness of coal, or position of workings beneath 
sea, rivers, or other surface which must not be 
disturbed. 

In the earlier stages of coal mining, it ia apt to be 
the case that the working-spaces {stalls or htyrds) 
driven across the grain or cleat of tbe coal are made 
as wide as possible, and that the pillars between them 
are left as thin as is required for immediate secnrity. 
Thus, towards the outcrop of the Durham coalfields 
extensive areas have in former days been worked where 
the bords were from 3 to 5 yards in width, and the 
pillars between them 1 to 3 or 4 yai'da. As the 
bords advanced it was necessary to communicate be- 
tween them for Yentilation, and cross-drifts, called 
headrsays, were carried about 2 yards wide, in tke 
dirsction of the cleat, or on the ends, and at 28 or 30 
yards apart. Where the pillars were only 3 or 4 feet 
thick, it is obvious that they would soon be so crushed 
as to be utterly useless, and thus a third or a fourth 
part of the coal would at once he wasted by this means 
alone. When the pillars came to bo laid out of 4, 8, 
or 12 yards to the Tvall, or in breadth, and it waa 
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found towards the end of last century, that theymig 
be robbed, or have a great deal of coal taken from thi 
after the first opening of the bords, it became a mat 
of moment to adopt the proportions which would 
most favourable to the full utilisation of the Beaj 
Two great evils have to be avoided, evils on ho largn 
scale that tens of thousands of acres have been render 
useless to the community by the neglect of prop 
dimensions. One of these is the t/irust, which 
pillars are too slight, and when the floor is hard, crao 
the pillars, forces off large slabs of coal, and &t 
crushes the whole into slack. The second is the a 
a disorder more uncerfain and insidious in its approat 
and which in spite of all attempted remedies, will so 
times destroy a valuable colliery. It arises when 
thill or underclay is soft, and the proportion of pilh 
to bords such that after a time a downward moreme 
takes place; the pillars then force the clay to 
upward in the bords, the road-ways are injured a 
Lave to bo constantly repaired, the air-ways are partia 
choked, and the pillars crack. The mischief has perha 
taken its rise only at some unusually weak place, agaii 
a trouble ; but as it spreads from bord to bord, and infe 
an entire district, the floor bursts asunder, the re 
unequally supported, breaks down, the workings i 
closely filled with rubbish, and there remain the isol&t 
crept pillars, only accessible by fresh and dangeiCH 
workings, and generally so crushed as to be near! 



The experience of the Newcastle miners has led them 
especially in their deeper pits, to increase more t 
more the dimensions of their pillars, employing thei 
jio longer as mere supports, Vrat takm^ out in t^ 
preliminarj stage of woiking iu tVe YtJiole cool. 
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from Jth to Jth of the coal, and leaving the pillars for 
Bubseqaeiit entire removal, when operations are com- 
menced in the broken. Hence, in the deep collieries 
the pillars are left of 24 or 30 yards long, by 16, 18, 
or 24 yards wide, and even 40 yards by 40. 

In the earber days of pillar working it was usual 
to open out in bords and headways- drifts extensive 
areas, amountmg oftpn to many hnndreda of acres, 
and to begm the thmnm^ tr nmoval of th'' pillars 
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only after they had stood for a long time. Sundry 
diBadvantfin-cs arise from this coiwae — ^IVft ia^ervs^'^^'a. 
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of the exposed sarfaces, the difficulty of ventilaBcn, 
and the tendency of creep or of the reaulta of 
explosion to spread through the entire colliery. Mr. 
Baddle introdnced a great improvement when he bid 
out the workings in7)a?!e& or compartments of moderate 
acreage, divided from one another by ribs of coal 40, 
50, or 60 yards wide ; and when he followed up this divi- 
sion of the colliery by making pillar working follow very 
closely after the opening of the herds in the whole coaL 

This arrangement is shown in the plan Fig. 19, 
where the unwronght coal is left black, and the goaj 
or portion from which the pillars have been removed, 
and into which the roof has fallen, is lightly shaded. 

The actual getting of the pillars is managed in 
various forms — by driving a bord through its midst, 
by taking off slices parallel to its longer face, or by 
paring it off in a succession of steps, each farther 
pillar being a grade more reduced in bulk. Some of 
these operations may thus be assimilated a good deal 
to the long-wall method ; and need, for the due protec- 
tion of the men, that the faces of work he protected by 
rows of props, or by pack- walls so placed as to regulate | 
the fall of the roof. 

The Lancashire post-and-stall system is somewhat 
different, partly in conseqaence of a generaUy steep 
inclination, and partly from the softness of the floor. 
The scams, like those of the Tyne and Wear, are 
generally between 3 and 6 feet in thickness ; but tha 
working places cannot be carried so wido as in the 
former district. The working drifts, or bays, like the 
above mentioned bords, having to be directed at right 
angles to the cleat or divisional planes, it happens that 
with the varying undulations of tho coal-measures, 
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the direction of cleat remaining constant, they may 
have to be arranged very differently in starting from 
the main road3 or water-level drifts. Thus if the level 

■ com-se happen to be parallel with the cleat, the bays 
wm be opened tip the rise, and again joined with one 
another by drifts carried on the end, generally ten 
yards apart. If the direction of the level coarse be at 
right angles to the cleat, it will be thus also that the 
bays must be opened, and they will he connected with 

I the main roads by pairs of drifts (up-brows) carried 
up the rise of the seam ; or sometimes if working to 

I the dip of the main road, by down-brows, whence the 
coal has to be pulled up by engine power. 

The pillars are thus left ten yards on the rise, by 
20j 30, or 40 yards the other way, and are intended to 
be robbed as soon as a sufficient tract has been opened. 
This last operation, as in the Northern fields, in contiict 
with the goaf, and exposed not only to the successive 
falls of the roof but to the invasion of fire-damp 
loosed from the disturbed measures, needs every caution 
in its practice, and makes it often necessary to admit 
safety-lamps alone, whilst the other parts of the same 
colliery may be securely worked with candles. 

There are still many coal-mines in which the stalls 

' or wickets and the cross-headings or thirls arc driven as 
wide as they will stand, say 5 yards, and pillars of 

. only 2, 3, or 4 yards sqnare are left ; or where again, 
the stalls are driven of this fuU width, and long pillars 
of a few feet thick left standing between them. In 
either case a considerable waste of coal must occur, and 
^be irregular openings left as goaf are fraught with 
danger when fire-damp is present. The method mrat 
usual in South Wales is of this latter kind ; cross- 
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headings are driven out from the main level at snch an 
angle of obliquity aa to be convenient for horse-roads, 
whilst from the latter the working; stalls are opened, 
narrow at the entrance (to protect the roads), anij 
wider inside. The pillars between them are left bo 
narrow that they are sure to be mnch crushed ; and 
though some portions of them may be robbed, a lai^ 
amount ia wasted. The ventilation becomes irreg;nlar 
and difficult, and many accidents arise. 

A last variety remains to be mentioned, viz., the 
" square work," employed for the getting of the magni- 
ficent seam, varying from 25 to 36 feet thick, called the 
Dudley Thick or 10-yard coal. The shafts are sunt to 
the bottom of the seam, and a main way, the gate-road, 
is carried forward in its lower coals, ventilated by means 
of a separate air-kead or drift of very small dimensions 
opened in the coal also, at a ffew feet on one side of, or 
above the gate-road. 

From this latter the main workings, called sideg gf 
imrk, are opened in the form of a square or paralldo*^ 
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m, 50 yards in the side, or more, and shut off by a J 
|iDf coal 7 or 8 yards thick, at iha least, from ^1 
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other workings, except at tlie entrance, a narrow bolt- 
Iiole. Driving out in the lower coals, and gradually 
rising to the higher ones, the colUerB open stalls of 5 
to 8 or 10 yards wide, forward and across, so as to 
leave square pillara, generally 9 or 10 yards in the 
side, and whenever the unsoundness of coal or roof 
appears to require it, sparing additional supports of 
coal in men-of-war 3 or 4 yards square. 

The men get at the upper divisions of the seam by 
standing on the slaek and coal already cut, or on light 
Bcaffolding, No ordinary timbering can be used to 
support so high a roof, nor can the eye in these vast 
and murky chambers easily detect where special danger 
threatens overhead; but the sense of hearing comes 
valuably into play, and a. sharp ear often catches the 
preliminary cracking which indicates the approach of 
a fall. Nevertheless, the work is the most dangerous 
in which the coUier can be engaged ; and no mode of 
getting this coal with a less serious destruction of life 
by " falls " has been devised, except that of working 
it in two "lifts," by the long-wall method, which, in 
despite of much opposition, appears, at a few works, to 
have stood suceesHfully the result of many years' 
practice. 

The pillars in the " square work " are often in con- 
clusion thinned to a smaller size, and when at length 
the roof begins to break in, the side of work is 
abandoned, a dam put into the bolt-hole, and thus the 
air is excluded from the heaps of waste small coal, 
and the crush prevented by the ribs from extending 
to other parts of the pit. 

It scarcely needs to be added, that although afler 
this first working, operations may be set on foot for 
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getting ribs and pillars, much of the coal is so cruslied 
or *' frenzied" as to be of little use. The waste of 
some thousands of tons of coal per acre, and the great 
sacrifice of human life in the process, lead one to con- 
template with no pride or satisfaction our mid-EngliBli 
working of the finest seam of coal in Europe.* 

Some of the coal seama of central France, althongb 
more broken up than the last., are much thicker, and 
have led to many varieties of working, in order to find 
out the safest and best. In the Department of the 
Saone et Loire, I learnt on a recent vieit that every other 
mode has given place to the working by remblais, ie., 
taking a horizontal slice of 3 metres in height across 
the seam, and filling up the space with stone and 
earth brought down from the surface. At Montceau, 
near Blanzy, I found the seam to be no less than 78 
feet thick, inclined at about 20 degrees. The works 
are carried forward horizontally from floor to roof, 
6 feet 6 inches high, alternating with " middlings " of 
coal of the same height ; and within a few months of 
tlie working and stowage of one horizon, fresh openings 
arc made in the range below, and the remblais or 
stowage is found to be so closely packed as to form a 
very good roof for driving under — assuming the use of 
plenty of timber. The plan of the working is in pillars, 
of 10 metres wide, which arc sHced off as in long-waU 
working. 

The LONG-WALL method may be applied, either by 

• The risk to wtitli the men aro subject in this diBtriet from falla of 
roof aod coal may to inforrod from tho inBpector's figureB. 

Deaths from " falU " in South Staffordshire and East Woiw 
ihire.;— 1856, 88 ; 1867, 81 ; 186B, 07 ; 1869, 92 ; 1860, 7S ; 1861, T8j 
1862, 73; 1863, S6, 

Xater /oars have aliown a markod improvement 






LONG WORK. 



driving out roada in the solid coal to tlie extremities, 
«ad then working back, leaTing nothing bat goaf or gob 




F]g. 21. Long-wall worldngB. 

Tlie pordon A repreaenla Bdvondng ilails^ or toath-viOTk, tnkine Qttfaci ot Ihn c«J x 

Ibfl nde B worts in Uie eifd of Ihe cool, whilst Uw i»rt D iti f^nitid ui a alxai^it Una 

irreipeiitif e of the cleat. ThB docibEo edge of (he gob-roods reprbseata Ihg pack-wiUla. 

behind, or, by commencing at once near tlie shaft, to 
work away the mineral, maintaining means of access to 
ita fresh face by roads, artificially supported, through 
the waste. Beyond this, great differences occur, ■ 
according as to whether the faces of work need to be 
straight, following the lines of cleat, or are divided 
into " stalls," or may be set off in several directions 
at once. The working faces arc for the most part so 
arranged as to advance against the planes of cleat; but 
there are certain tender coals in which it will be found 
that w^ the pit is deep, they are upon this system 
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much broken up by the pressure, and that a for bettw 
proportion of round coal will be obtained by workiiig 
on the end, i.e., in the direction of such cleat The 
most regularly laid out varieties of long-wall are those 
of Shropshire, Leicestershire, and Derbyshire; bat 
others, more or less modified to suit local requirements, 1 
may be seen in Lancashire, Somoraetshire, Dean Foreal, j 
South Wales, Scotland, Belgium, and Saxony. I 

Without exceeding the limits of a book like the pre- 1 
sent, it would be impossible to dwell upon the details 
of the various kinds of long-work, but the diagram, 
Fig. 21, may show some of the chief features of several 
plans of arrangement diverging from one pair of pits. 

In some instances it will be seen that a great length 
of face may be opened in a single line, aa much indeed 
as 109 to 400 yards ; in others 30, 40, or 50 yards ot 
straight face form a stall, and one such is followed up 
closely by another. In many instances again, the face 
forms on the large scale a curvilinear working, which 
may be adopted when the coal is not so divided by 
cleat or backs as to cut more freely one way lian 
another. 

Let us now turn our attention to the " face "or front 
of the working, which, as it is but a few feet or yards 
away from the waste, where the roof hag " come down, 
requires to be carefully protected. The usual way is 
to plant a double row of props (sometimes three rows 
are needed) arranged alternately, and at right angles to 
the roof and floor. Each prop takes a good bearing on 
the roof, by carrying a piece of wood, the lid or ti/mp, 
12 or 15 inches long, which iirat receives the pressure, 
and ia soon squeezed or broken. Cast iron has been 
occasionally employed for the purpose, but the propa 
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usually of larch, or, in low Beoroa, of oak, and 
it with miBOTind roofs they have to be set thickly, 
le common way they may be many feet apart, 
the heaviest roof-pressnre is expected, nogs or 
are employed instead of single props ; these are 
pieces of timber 24 to 3 feet long, built up, two and 
two, cross-wise, thus giving a broad base and summit, 
and the advantage of being easily knocked asunder for 
Temoval. Suppose the coal now holed to a sufSeient 
depth all along the face, the pressure of the overlying 
mass will tend to force it down, and in some cases 
actually saves the collier the labour of falling the coal 
by itself performing that office in the course of a few 
hours. Otherwise, by wedging, or blasting, the coal is 
brought down, then broken up and removed. And now, 




aU slack, unsaleable coal and rubbish being thrown 
behind the men into the gob or waste, the back row of 
propa ia pulled out, and they are set up again in front 
of the fresh face of coal, when the whole operation 
starts fbr the succeeding day de novo. Meanwhile the 
removal of the coal from the face towards the shal 
a care of the firat magnitude. If the roof be excellent, 
tlie coal strong, and the out-put important, iron rails.! 
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(to be moved from day to day) may be laid along tlw 
facOj on which tho trams or tuba will be cheaplj 
conveyed. But when, as most frequently happens, thij 
advantage cannot be had, the coal has to be dragged 
or putted in sledges along the uneven floor in front of 
the faoG to the nearest outlet, and it hence becomes 
neceBsary to have roads opening on the face at frequent 
intervals. If we are working back from the extremities, 
no more need be said than tliat the roads, as the work 
advances, are constantly being shortened, and that the 
expense of their maintenance is thus diminishing ; but 
if we follow the usual method, the gob-roads, as they 
are called, are daily increased in length, and the chargffl 
of keeping them in order become a very heavy item. 
Tnere is then one evil to be balanced against another; 
on the one hand the expense of numerous gob-roads, 
on tho other the cost oiputtiiig the coal a great distance 
to get to the road. A working stall is for this reason 
commonly from 24 to 50 yards in breadth, so that the 
broken mineral need not be conveyed more than 12 to 
25 yards to be placed on a good road. If the coal be 
a thin seam (and as little as 11 inches of coal is thaa 
worked in the Radstock district) the roads must, fof 
efScient conveyance, be cut higher, for which purpose 
either tho floor or roof must have a foot or two taken 
off, whilst the material or debris so broken, will help,. 
like "partings," " dirt-banda," and other rubbish 
from the seam, to fill up the waste or gob, and assist 
in letting the roof down geutlj''. Such stone, and what 
breaks from tho roof, is often built up in packs, at 
masses of dry rubble walling ; and the roads which \isaa 
through tho gob have thus to be protected by a pack 
wall of some feet thick on cither side. 
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will do a great deal in regulating thia apparently 
dangerous work, for each kind of roof needs to be 
studied, that it may be brought down in the safeat 
manner. Some kinds will break short, so that you 
are insecure a single foot behind the back props — nay, 
in bad cases will smash props and everything up to the 
face of the coal ; others will bend gently down to the 
refuse or gobbin, and press the whole firmly together ; 
whilst certain rock roofs will hold up for a long distance 
impropped, but are apt to break suddenly with a crash 
which will blow out all the lights fur and near, and if 
there be fire-damp about, may force it dangerously into 
the roadways. 

The gob-roads meanwhile stand the pressure vari- 
ously ; in some the floor rises, and has to be frequently 
repaired. To this end, men occupied in roading work 
during the night, whilst the pit is otherwise clear. 
Or the pack walls gradaally squeexe down, and the 
roof requires to be hacked or shot away to give height, 
and, after a time, the road will be found to be almost 
entirely cut in the roof-stone. In certain districts it 
is attempted to protect the roads by leaving a thin rib 
of unworked coal on each side ; but an unequal resist- 
ance ia in this way offered, which generally entails a 
greater expense in the long run. 

In some of the Welsh and Forest of Dean collieries 
an economical method is adopted for working by the 
long-wall, and forming their main-level roads by the 
same process. Instead of driving a pair of narrow 
levels as usual, a hold face of work, ^0 to 50 yards in 
breadth, is pushed bodily forward, the requisite roads 
we packed on both sides, and additionally fortified, 
wlion needed, by timber, whilst the space behind them, 
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partly filled witli refuse, fomiB a portion of the 
waste or gob. 

The great advantages of the "long-work " methc 
are simplicity of plan (and coDseqnently of ventilatior 
and the entire removal of all the coal ; added to which^ 
under most eii'cumstances, are greater safety to the 
men, and a larger proportion of round coal in com- 
parison to small or slack, — a matter which, conBidering 
the prices, is of vital importance in the selection of the 
mode of working. It has been mostly practised where 
the seams are thin, or where they contain a band of 
refuse ; but neither condition is indispensable : for, on 
the one hand, coala of 6, 8, or 9 feet thick are at the 
present moment worked advantageously in this manner; 
and on the other, we have seen bind, or stone debris. 
carried from one seam to another, or even taken down 
from the surface to assist in the packing where it waa 
needful. Nor is it necessary that the roof be goodf, 
although the expense will be very different according] 
to its fragility; but if the operations be carried oaj 
with sufficient smartness to push the worbing-plaoa 
daily under a fresh or " green " roof, it may be managed 
upon this system, even when composed of mere fireJ 
clay with slippery joints. Only a few years have passed!^ 
since the long-wall was much decried, except in a fe* ' 
localities ; biit its manifest economy is gradually intro- 
ducing it elsewhere ; and tven in some of the deepest 
Dorham collieries it is successfully applied to the 
working off of their gigantic pillars ; whilst in a feir., 
of the pits near Dudley it has been employed for re^ 
moving bodily first the upper and afterwards the lowai 
half of the 10-yard coal, with greatly increased yielfl 
of coal and security to life. ] 
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In Yorkshire and in eome of the North-Welsli coi- 
lieriee, methods have for a long time been practised 
which imite some of the characters of the pillar system 
with a certain amount of long-wall, 

From the main leveia, which are protected by suffi- 
ciently raaBsive ribs of coal, bord-gates (generally in 
pairs) are driven up the rise of the seam in advance of 
the main workings, and between them banks are opened 
in the form of bords of 20, 30, or 40 yards wide, and, 
like the bord-gates, worked across the grain of the 
coal. The roof of course falls behind the men, so that 
the face has to be protected by a double row of props, 
and sometimes by leaving small pillars, which are 
mostly lost. If the ground is bad, pack-walls are also 
bnilt hero and there, to prevent the falls being too 
sudden ; and by similar walls an air-way is carried 
along part of the side of the bank, so that the venti- 
lating current shall pass along its upper end. But 
the roof here does not settle in the same uninterrupted 
manner as in the regular long- wall work; and the 
establishment of a number of separate goafa in prox- 
imity to, and generally below, the places where the 
colliers are working, renders outbursts of gaa extremely 
dangerous, and has led to the fearful explosions of the 
Ardsley Oaks, Darley Main, Warren Vale, and Lnod- 
iull collieries. 

Indeed, so fraught with danger has been this plan of 
working — even where other requirements had been duly 
attended to— that some of the collieries of the Yorkshire 
district have been recently changed into long-wall 
workings, and apparently with very advantageous re- 
sults. And under this head we must remember that, 
since the diatribntion and quantity of the Yeixtilctin^ 



146 COAL ASD COAL-MINIKO, 

air will depend Qpon tlie arrangement of the workingSj 
a. very serioug responsibility attaches to the selection 
of the method moat suitable to the character of the 
strata and to the expected magnitnde of a nascent 
colliery. 



I 



CHArTER XHL 

CONVEYAKCE UNDERGROnND. 



When, in the early periods of coal-mining, the works 
extended but a short distance from the shafts, and only 
small quantities of mineral were extracted, it used — as 
in many small works of the present day — to be con- 
veyed by dragging in sleds, or sledges, along the some- 
what slippery floor of tlie seam. 

In some districts the ruder method of carrying in 
baskets was practised, as even now iu Spain and South 
America, and this toilsome work ceased to bo per- 
formed by women "bearers" in Scotland only in 
1843. In other pits barrows were employed, the 
wheel running upon a planlt called the barrow-way. 

The sledges have to be still commonly used in ptit~ 
ting the coal along the face of the workings to the 
better roads; but in all large pits the conveyance along' 
the main ways has for a century past been conducted.' 
on constantly improving methods. 

The Germans were ahead of us in the introduction of 
wooden rails underground; for in 1550 — as described 
and figured by George Agricola, in his folio " Do re 
Metallica" — we find a rectangular iron-bound waggon, 
ipith four small wheels beneath it, and a projecting 
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piu to run between the rails and thus guide the move- 
ment. It is stUl called the Itund, or dog, and is 
ia common uae in parts of PrusBia, Saxony, and 
Austria. 

About 1630, "one Master Beaumont, a gentleman 
of great ingenuity and rare parts," went to the New- 
castle diatrict for the piu'pose of introducing various 
mechanical improvements, among which were wooden 
rails for the running of wheeled waggons ; and although 
he failed as a speculator, these rails appear to have 
been a good deal applied within the following century, 
both in these collieries, those of Whitehaven, and in 
the lead mines of Alston Moor. They are described by 
M. Jars, in 1765, as in use, with flanged wheels, both 
in the pits and for conveyance to the shipping places. 

Mr. John Carr, of Sheffield, in his "Coal Viewer 
and Engine- Builder's Practical Companion," ]797, 
states tliat twenty-one years before that time be had 
introduced at the Sheffield Colliery the use of railroads 
and corves. At that period, " till of late," the prevail- 
ing practice in the Newcastle collieries was to draw a 
single corf on a sled from the workmgs to the shaft ; 
but lately the viewers have " introduced wooden rails, 
or waggon-ways, underground {Newcastle roads), and 
fixed a frame upon wheels, capable of receiving two or 
three of their basket corves, then drawn by one horse." 
But Cnrr laid cast-iron tram-plates \ inch thick, and 
employed waggons, or tubs, with lO-inch wheels, and 
carrying 5^ cwts. of coal. A horse generally, he states, 
takes twelve of these " corves " at a draught, and for a 
moderate day's work conveys the quantity of 150 tons 
the distance of 220 yai^ds. 

The wooden rails and Curr's tram-plates, besidesj 
ii2 
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performing useful service underground, were largely 
employed for the transit of coal at the surface, and it 
was thus that the miners of the North laid the founda- 
tion of the modern railway system, whicli in the last 
half century lias been brought to its present perfection 
and world-wide usefulness chiefly by the agency of the 
same class of men, A railway was constructed in 
1789, at Loughborough, by Mr. \Villiam Jessop, of 
Derbyshire, with cast-iron edge rails, intended for a 
flange on the waggon-wheel j and rails of wrought- 
iron were at length invented in 1820, by Mr. Birken- 
ahaw, and were rolled at Bedlington, near Newcastle. 

My esteemed friend, the late Mr. Nicholas Wood, 
after a long series of experiments made in eonjunctioa 
with his associate Mr. George Stephenson, published 
in 1825 a practical work on " The Establishment and 
Economy of Eailways; " and more recently, in 1855, 
prepared a most valuable ti'eatise on the conveyance 
of coals underground in coal mines. To this excellent 
paper, published in the Ti'ansactions of the Northern 
Institute of Mming Engineers, and based on a vast 
number of examples and experiments, I must refer 
the reader for further details on this important 
subject 

The conditions under which the roadways of a mine 
are placed, their frequent sinuosity and unevenness, 
the couiined space, and the tendency to disturbance 
both in the roof and floor, render it impossible to com- 
pete in economy with railways laid upon the surface- 
Moreover, certain requirements, in connection with 
the raising of the mineral in the shafts, have to be 
kept in view, and necessitate the use of particular 
kinds of waggon. 
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[ Until within a few years past the northern method 
pwas to fill tho coals, at or near the face, into a large 
Itaaket (coi-ve) of wicker, having an iron bow, and to 
drag it on a smali carriage, or tram, generally by a 
pony, to the crane-place on the main road, where it 
iwas lifted, and placed with several others, oa a rolley, 
OP larger waggon, on which they were then drawn by a 
horse to the pit bottom, whence they were raised to the 
surface, whilst the rolley returned with a load of empty 
corves. 

In the central districts the principla remains even 
now much the same ; inatead of the cnrve a s/dp, 
Laving a strong bow of wrought-iron for raising it, is 
placed on a trolley, and loaded with coal, by having 
several broad iron rings placed loosely over it, within 
which the lumps are stacked np. It is then wheeled 
away to the shaft, where it is hooked on to the ropo or 
chain by the bow. 

In Somersetshire and in Belgium the method 
generally in use, until very lately, was to convoy the 
coal in waggons to the shaft, where it was capsized 
into a great iron bucket, holding about a ton, called 
the Audffe {cujfat, Belg.), which was then drawn up the 
shaft, and had to be again unloaded at the bank. 

It is unnecessary to follow np the variations in these 
modes, which are applied to the conveyance of the 
mineral in different coalfields, but we may usefully 
glance at the steps which, within the last quarter of a 
century, have totally revolutionised tho methods of all 
our larger British collieries. When the cast metal 
tram-plates came into vogue, the old broad wheels of 
the waggons, or roUeys, were superseded by cast 
wheels, fined off very sharply at t\ie ■^tV^Veri., ^n. 
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order to diminiali the friction ; and these are still 
extenBively retained at many worba of importance, 
partly from want of appreciation of the newer methods, 
partly from the desire to fully utilise the materialB rf' 
an old-established plant- 
As the scale of operations increased, the expense) 
attaching to the use of corves were fonnd to be so 
serious a8 to lead to the resumption of small wooden 
waggons or tubs, with wheels of 8 to 15 inoha 
diameter, which are run from the face of the coal to 
the pit bottom, without the delay and cost of liftings 
smaller on to a larger carriage, and without involving 
the other great objection of unloading and loading, to 
which some of the methods are open. It appears, at 
first sight, undesirable to have to raise in the shaft the 
weight of the rolling apparatus, the wheels, axlea, 
coupling-chains, &c. ; but the preponderating advan-' 
tftge of running the same waggons throughout, and 
the facility of raising them at high velocity through 
the pit by the application of cages and guides, hava 
been universally established as a successful innovation, 
in the Northern and many of the larger works of other 
coal districts. 

When the seam is thick and roof good, the tnb» 
may, as above stated, be taken close up to the face <* 
work; but the more the actual present workings are 
hampered by lowness and want of room, the hi 
will be the expenses of pKtting, Ac, iu addition to 
carriage along the main ways. This work used to be car- 
ried on almost exclusively by boys, but in the Northern, 
collieries great numbers of Shetland and other ponies^ 
of 3J- to 4 feet high, driven by younger boys, 
employed for bringing the coal fewm the face to thf 
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horse-roads or the engine-planes. Where very thin 
scams are worked, as in the Somerset coalfield, the 
cost of " carting," as it is called, becomes very oneroas. 
The height of the coals, averaging between 13 and 28 
inches, scarcely leaves room in the lower places to go 
on all foura, and renders the work eo laborious that 
although the distances are not very great, it costs 
from 8d. to la, 9rf, on the ton to cart the coal from the 
face throngh the twin-ways and branch roads to the 
main, level. 

The movement of the carriages on the roads is 
retarded by three kinds of resistance : 1st, the friction 
of the periphery of tho wheels on the plates or rails ; 
2nd, the attrition on the axlea; and 3rd, the rubbing, 
by oscillation of the waggon, of the face of the wheels 
against the flange of the tram-plate, or the flange of 
the wheel against the upright rail. The first is dimi- 
nished either by narrowing the edge of the wheels, or 
by running broad wheels on edge rails, and by increas- 
ing the diameter of the wheels ; the second, by carefol 
make, nsing steel axles and efficient lubrication; the 
third, by making the wheek fast to the axle, instead 
of having them loose upon it, by straightening tho 
road, and by adopting a suitable form either of bridge 
or T-headed rail. 

In thin seams the tuis, or waggons, must neces- 
sarily be low, and the wheels small, but even in seams 
of ordinary height, the convenience of keeping the 
total weight so moderate that the puller can readily 
place his tub on the rails when it gets displaced, and 
that the onsetter and banksmen can easily handle and 
run the tubs on the iron plates at the bottom and top 
of the shaft, give the preference in Northern practice to 
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tubs weighing not more than 3 or 4 cwt, and 
from 6 to 9 cwt. of coal. At Beaton Delaval 
neighbouring; pits, the tubs weigh 3^ cwt. each, 
hold 11 to 12 cwt, but these require exceptionally 
strong men to handle them with the requisite rapidity. 
In the South, carts, or trams, of much greater weight, 
eometimea of iron, are often employed, carrying a 
weight of a ton ; bat, in such cases, the number is 
smaller, or conveyance and winding in the shaft aw 
generally slower, and long delays are caused by getting 
off the rails. 

The tub most generally used has an oak iranung 
below, on which the bottom and aides, of f inch or inch 




Se, or other strong wood, arc attached, with coraet 
368 of iron to strengthen them, and a light bar of 
f iron passing from end to end upon the '"raniing, with a 
hook at one extremity and coi.ip\\Tiw c^ia-m lA ^Joa other. 
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When the box part has vertical sides, the wheels are 
placed below, and are only 8 to 12 incbes dinmeter ; bat 
■when it is narrowed below, the wheels may be eet 
oatside, and are 15 to 18 incliea diameter. They are 
generally fixed to the axle, but sometimes are, as well 
as the axle, made to turn. The form, in fact, must 
depend partly on the roads, and partly on the rarietiea 
of coal to be conveyed ; but it would be manifestly 
inconvenient, in a colliery where a large traffic exists, 
to have carriages of different sizes and shapes. 

For the purpose of bringing the weight low, and at 
the same time employing large wheels, M. Cabany, the 




M 




ingenions director of the great collieries of Anzin, has 
constructed the modification of elbow-axle, shown in 
Fig. 24, which, he states, can be repaired at half the 
cost of the common elbow-axle. The mode of attach- 
ment of the wheel is shown in the figare, and the 
waggon is made to belly out above it, to increase the 
gapaciijr on a narrow gauge. 
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^^ile nuin lerels of a mine are generally camod^ 
borizootaUT' to allow the loaded waggons in one d 
tioa, and the empties in the other, to be drawn bjfl 
perfectly cqnal fbrce. In order to have the resii 
eqnal in both directions, the empty tab being 3 
and the loaded one 12 cwt, and the friction Ath of tl 
weight, the inclination wonld have to be 1 in 133, & 
if the friction be jVth, would be 1 in 100. 

Mr. Wood fbnnd in his experiments that a hM 
dragging a carriage on a level raikoad at surface V 
give a nseful performance of 65 tons for 20 miles, (i 
133 tons for one mile per day, which forms a conT| 
nient maximum standard for judging of this — the n 
general means of conveyance, aa carried 
mines. Actual practical trials in several pits gave & 
following results :^ 
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Similar trials made in South Wales, where the work 
was done by drawing 3 to 7 larger trams, weighing 
when loaded 25 to 32 cwt, each, with wheels from 17 to 
21 inches diameter, principally along water-levels, but 
in part along inclined headings, gave results of from 
10 to 17'8 tons per mile as the day's work of a horse, 

These surprisingly different amounts of useful effect 
livpond in great part on the arrangements as well as 
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i he condition of the roads. If only a single line of rails, 
with passing places, be employed, mach delay ensues ; 
and if the distances travelled are short, and the 
stoppages at tie termini more frequent, there must be 
a similar disadvantage. 

In the 2nd and 4th examples above cited, the horses 
■were particalarly strong and in good condition, and yet 
the result falls so strangely short of what can be 
accomplished at the surface, as to give great weight 
to Mr. Wood's corollary, that it becomes daily more 
important to substitute, as at the surface so also 
midergrouiid, engine-power for the costly stable of 60 
or 80 horses, which otherwise has to be maintained in 
the larger collieries, 

"When the coal, aa usual, is worked from the main- 
ways up the rise of the seam, if the inclination be as 
much aa 1 in 30, inclined planes {jinny roads, oi jig- 
brows) come into use, where by aid of a drum or sheave 
at the upper end, regulated by a brake, the loaded tubs 
run down by their own weight, and pull up the empty 
ones. Or the descent may be checked, and the ascent 
assisted, by the use of a counterbalance tub suitably 
loaded. The sheave for this purpose may, according to 
the nature of the work, be so fixed, by the aid of 
wooden props, as to be easily removed forward aa the 
workings advance. This is, of course, a very inex- 
pensive mode of conveying the coals, and is sometimes 
applicable for very long distances ; although, for the 
avoidance of accidents, it is needful then to establish a 
very strict discipline as to signalling when the train of 
tuba is to be set running, and also to have side stalls 
cut out here and tiere for the safety of those men who 
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J^baf^ien to be trarelling the plane at, the time. 

jliadeet of such inclines, a boy goes down with 
iM, diggiog bis beels into the floor b; way of a 
■^lilflt in luge and well-laid-out collieries, a rej 
■eries of such inclines, £tted with snbBtantial 
dmins, wire ropes, and friction rollers for them to 
■pcwi, vie vith the best of inclined planes to be seen 

A oontrivsnoe of great ingenuity, Fowler' 
polli^, has been most successfully nsed by the Mesf 
Pnseatthe Upleatfaam mines for some years past, 
ijipaaii to be capable of extended application in 1^ 
working of inclines and engine planes in collieries alM 
Its advwitages are that the rope need only to be passH 
■imply oret the periphery of the wheel, instead 
bei^ coiled or lapped ronnd it as on a drum; that \ 
tliei holds the rope more equably and advantageoi 
withoat ^ttening the wires or grinding them againsi 
one another, and that it prevents a surging movement 
Hie movable clips on the circumference, which emi 
bnce the rope, clutch it so tightly, that on a doubli 
inctim, one set of tubs may be thrown off — as by 
bieakige of the rope — and yet it is capable of sustain 
log the other. 

WheSf however, the coal has to be brought up bj 
"down-hills," or roads driven below level, the labou: 
thioWD upon men at windlasses, or upon horses drag- 
ging carriages, is so great as to be inconsistent with 
extensive working ; and, under these circumstances, it 
is tuoal to employ engine-power, either through the 
iMtlumentaltty of a rope passed from the surface down 

■ jut (as at Moukweaimouth), or by fixed under- 
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id engines worked by steam transmitted from the 
(as at Killingworth), or generated in boilen 
them," or worked by compressed air. 
the inclination of a dowa-brow be not less than I 
3j the empty tnba, in running down, will drag out 
them the rope from the drum of a fixed engine ; 
it if it be less, they must be provided with a tail-rope 
ling round a sheave at the bottom of the iacliae, by 
'Which they will be hauled down again. These arrange- 
have long been practised, bat not many years 
Jhtc elapsed since the last method came into use 
:iDStead of horse power, for hauling the coals along the 
main ways which approximate to the horizontal. It 
is still only in the larger collieries, and those in which 
due care has been bestowed on the straightness and 
regularity of the roads, that this improvement has been 
introduced ; but its value may be inferred from the 
feet that, in certain instances, as many as 70 or 80 
horses, with their drivers, stablemen, &c., are dispensed 
with, and that a small fixed engine actually hunls 
along a nearly level plane of a mile and a half in length, 
trains of from 50 to 100 tubs at a time, at an average 
speed of 9 miles an hour. The employment of a tail- 
rope (usually of 4 to J the circumference of the main 
rope) enables the train to be pulled over the undola- 
tions of gradient which cannot but generally occur even 

• 1 owo to Mr. 0. Tylden "Wright the fallowing sample from s 
put of Shireoak colliery ; — Inclined plane of BOO yordji long below pit 
bottom, gradient 1 in. aO ; train of 2a tulis ^t a time, drawn at speed of 
8 to 10 milea per hour by af-inoh ateel wire-ropo, stretched hy a 1-foot 
Fowler'fl clip-dram, and worked by twn 12-incli cylinders, 2 feet stroke. 
Average cost, calculated from 30,000 tona conveyed in six months 
«ne penny per ton, incJading wear and tear of iQ^ attd all labour. 
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in the beat uuderground roadways. Where thae 
inequalities, and where curves interfere, they must Tm 
met by a sufficiency of rollers and of sheaves to protect 
the ropes front injury. 

Id certain works the engine-r-oad has been fitted with 
an endless rope, passing, of course, round sheaves at die 
extremities, and to which the trains of tubs are h' 
or clamped at intervals. The comparison of this witli 
the other method is still the subject of discussion ; but, 
although very serviceable as contrasted with horse- 
work, it has not been shown'Nio attain to the amount 
efficiency and economy exhibited by the engine " planes" 
of such collieries aa Hetton, Seaton Delaval, Pelton, 
Elack Boy, &c. 

Eegularity of action and compactness being two main 
essentials, the favourite engines for this purpose bave 
two horizontal cylinders resting on bed-plates, and b 
heavy fly-wheel. But the form of the engine is hardly so 
important as the question of the mode of supply oi 
steam, for the boiler-fires are in some situations a souroe 
of intolerable heat and of certain risk. It has been, 
however, shown in practice, that where it is incon* 
venient to place the boilers near the engine, they may be 
at ^rface; and if 8 or 10-inch pipes, properly clothed, I 
are used to transmit it, there will he no substintiBl ! 
diminution in the elasticity of the steam in the receiver 
for the cylinders at the pit-bottom. In some instances ] 
the steam has been transmitted for a'jove 1,000 yards, 
with a good result depending much on the suffifiient 
diameter of the pipes ; in others, compressed air has 
been forced for a distance of several hundred yards witi 
a very trifling loss of pressure. And thus, by one means 

• It must now lie conceded ttiat Ito TaAl-xotB ^ioTraKAWi ^ *in 
Xbrthem Institute have proved excelleut rcauUa ^iQm'i.'siss^Ajrsoi.i* 
'yih'eiiSn Xaacaahire, toth wilh 'Miio lOpe aiii-wVUiG\ia.\a, i 
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the other, engine power becomes available to all 
[fittfie who, instead of dealing, as in the old time, with a 
fioore of corves, have to ran several hundred tons of 
;toaI, or in other words some 1,500 or 2,000 waggons, 
1^7, to the bottom of their shaft. 



CHAPTER XIV. 

BAISING THE MINERAL IN THE SHAFTS. 

A FEW steps only, and of a simple kind, appear to 
intervene between the modes of slowly winding up 
flmall quantities of coal in the pits three centuries ago, 
and the vehement, yet well-disciplined extraction of 
the present day. But although the improvements have 
not been marked by any startling inventions, they 
have only been rendered possible by the simultaneous 
advancement of the other mechanical arts. And even 
now, it is solely under favourable conditions that the 
greatest eminence is attained, and we need but to travel 
a few miles into the hills from some of the noble col- 
lieries of Durham or of Lancashire to see, near the 
outcrops of the seams, little works carried on for local 
or land sale, where the apparatus, if not the ways and 
IsaigusLge of the people, will recall the days of a pristine 
simplicity. 

As long as manual labour is employed for the raising, 
it may be of a few tons of coal per diem, the windlass 
and a round hempen rope are the means commonly 
used. In the hills of the West Riding of Yorkshire, 
a pinion on the crank axle works a too^JoLfiA. ^\ia^ ^^ 
be barrel axle; and thus, by giviivg a ^\o^^t Tasi^^ 
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enables a man or two at the surface to raiBS a greata' 
weight at once, and thua to keep even with several wb 
are working below. With a depth of 30 or 40 yards, l 
more economical power has to be bronght into play. 

For horse work the invariable arrangement is to erecf 
the "wheel-and-axle" kind of machine called a horse- 
ffin, or mhim, and consisting of a rope-drum built ronnd 
a vertical axis, the foot of which turns on a stone ot 
iron casting, and the head pivot of which is supported 
by a long " span-beam," resting at the cxtremitiffl 
npon inclined legs. The ^horses are attached to one or 
both ends (according as power may be needed) of i 
strong horizontal beam, generally 30 to 36 feet long, 
which embraces the vertical axis close beneath the 
drum, which is 12 to 16 feet diameter. The ropes, 
passing off from opposite sides of the drum, are con- 
ducted over little guide-pulleys— ^'aci^MdjOea — to the 
sheaves set in the shaft-frame overhanging the pit. 

Although very largely employed in metalliferona 
mines, the horse-gin is now seen in colliery district* 
only during the sinking of pita, or permanently 
ployed at shallow works doing a very small trade. la 
the last century, before the introdnction of the Boulton- 
and-Watt engine, it was in very abundant use in the 
English and Scotch coalfields, and we have, in tka 
travels of M. Jars, an account of a powerful horae 
machine newly completed in 1765, for raising the coal 
at Walker Colliery, 100 fathoms deep. It was put in 
motion by eight horses kept at a sharp trot, and hy 
means of a large horizontal toothed wheel giving a 
greater velocity to the rope-drum, lifted a corve of 
ooals in two minutes : but, unfortunately for the result, 
the corre held only 6 cwt 1 The slmpla gin, therefors, 
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^ed by two or four horses, remained the cominoD ■ 

Ine for Binall depths, I 

i IB only in districte more Lilly than most of our \ 

Ifielda that the streams flow with a siifScienfc fall to ] 

S a useful amount of water-power ; hut the conve- 1 

fit way in which the drum conld he huilt upon the | 

longed axis of a water-wheel led to that arrangement , 

g commonly adopted hy the middle of the eighteenth 

y, even where the supply of water had to he raised 

L special Newcomen or atmospheric steam-engine. 

toy attempts were made to convert the alternating 

' action of this engine into the rotatory motion 

|ded for winding, hut to very little purpose. Smeaton ' 

inwhile lessened the consumption of water, and 

k reduced the expense. The wheels had been made 

!l a double row of buckets, each row opening oppo- 

«y to the other, so that when motion had to be 

rsed, the supply of water was cut oflf jby a valve and . 
I on the other way, and thus the wheel turned in the 
Kite direction. Smeaton applied reversing gear of 
; toothed wheels to the drum, so that the wheel 
[ always revolve in the same direction, and the i 
Bg of the drum only be reversed. 
a. Wales, another mode of employing water-power \ 
a into use, which ia still to be seen at many of the 
ieties, as weU as some of the slate quarries, where 
I cheap power ia abundant, A large sheave fitted 
with a powerful brake is fixed above the pit-top, and ' 
has a rope or chain passing roimd it, to one end of 
which is attached an empty cistern carrying over it n 
waggon of coal, to the other a cistern which, when 
filled with water, is heavier than the loaded ' 

I empty cistern together. Suppose now the former I 



waggon i 
former i 
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is mt bank, the Utter ftt the pit-bottom ; the dsi 
SOxA from a tank placed close by, and is regnlal 
its descent by the l^ake ; -arhea it reaches the bol 
nlf-actiDg ralre is cpeced, which lets the water 
out, either to escape by the adit or to be raised 
pnmping-engice : meanwhile the loaded wi 
taken off the empty cistern, and by the time the 
is filled with water from the same tank, the cist 
the bottom has been emptied and a waggon of 
placed upon it ; and thns the action is reversed, 
cheap, altbongh slowly-working machine, kept m 
procating movement. 

The chief forward step was made when Wf 
double-acting engine, having the Bteam applied 
ternately on both sides of the piston, rendered 
feasible to apply a rapid rotatory motion. In 
smaller engines, and such, in fact, as are in work 
the great majority of the collieries of our central 
western districts, the motion is commnnicated fro 
the main crank-shaft, through the intervention 
toothed wheels, to a drnm-shaft placed also horizontall 
and to which a lower velocity is given. The ropes, 
chains, wound in opposite directions on the dmm, i 
carried over pulleys either down a single pit, or 
two different pits, and thns, with their respectiL 
OHf^ or skips, exercise a counterbalancing effect npd 
i>uo tmothcr. This arrangement is particularly sultabl 
(0 tlvo bIow winding of our midland diatricts, where m 
mijtht drawn at once is consideiaHe, and where froil 
Ui hanging flroo in the shaft, a great velocity would B 

\\\\\ in tlw liu-jrcr oollioriea, where rapidity is essential 
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First, a large yertical cylinder, firom which the 
rod acts direct npon the dmm shaft, and the 
being often 16, 18, or even 20 feet in diameter 
le first lap of the rope, commnnicates to the load a 
n<7 of from 10 to 30 ibet in a second. The second 
the engine of two cylinders placed horizontally, 
also — ^it may be, directly — on the dram, and 
their reciprocating action on the crank, intro* 
great regularity of motion. 
As examples of some of the more powerful engines 
)loyed for these purposes at British works, may be 
itotioned, — 

ybnhvearmovth ; vertical cylinder, 65 J inches diameter, 
7 feet stroke ; depth, 286 fathoms, or 1,716 feet ; 
wire flat rope ; useful load, 4 tubs, with 9 cwt of 
coal each ; time of raising, 1^ minute. 

^hiAnfeld^ Cheshire ; No. 1 pit ; vertical cylinder, 60 
inches diameter ; stroke, 7 feet ; low pressure ; 
flat wire rope ; load, 4 tubs, with 8 cwt. of coal 
each. No. 2 ; cylinder, 48 inches diameter ; stroke, 
6 feet ; high pressure ; drawing depth, 678 yards, 
or 2,034 feet ; time, 70 to 90 seconds. 

^orth Seaton; vertical cylinder, 60 inches diameter; 
stroke, 7 feet ; depth, 124 fathoms ; flat wire rope; 
load, 4 tubs, with 50 cwt. ; weight of steel cage, 
25 cwt. ; time, 35 seconds. 

jse-bridge^ Wigan ; two coupled horizontal cylinders, 
36 inches diameter, 6 feet stroke; depth 806 
yards (2,418 feet), flat steel rope ; load, 4 tubs, 
or 28 cwts. of coal; wire rope guides; time 
50 seconds. 

'r^/ess Jff^all {California pit)^ W\g^\i\ t^Q ^\yjled 
24-mcb cylinders^ vertical, 5-fee\» ^VxoY^^^i^^aA. 
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fcteel rope ; conical drum ; depth, 345 yards, 
1,035 feet, two-decked cage, with 4 tabs, 
24 cwt. of coal ; time in shaft 40 seconds. 

Seaton Delasalf two horizontal cylinders of 36 in( 
diameter; 6 feet stroke; high pressure; depi 
112 fathoms, or 672 feet; flat, 5 inch wiren 
load, 4 tubs, with 11 tol2cwt. each; weight of ii 
cage, with its chains, 3 tons ; time, 30 secondv. 

Navigation Pit, Aberdare ; two oscillatinj 
43 inches diameter ; 6 feet 2 inches atrpkei 
365 yards, or 1,095 feet ; round wire 

Pinchea diameter, on conical drum; loi 
tubs, 17 cwt., with 47 cwt of coal ; cage 
chains, 2 tons, 3 cwts. ; total weight, with 
bottom of pit, 9 tons ; time in shaft, 46 seconfe' 

The high velocities which are thus attained in shaft 
work, by means of which from 500 to 1,000 tons d 
coal are drawn from a single pit in a day, have beel 
rendered possible only by the use of guides or cob 
ductors, which insure smoothness of movement affl 
prevent collisions. Mr. Curr, of ShefBeld, itlreo^ 
mentioned for his valuable innovations, introduced a 
the end of the last century wood conductors for guidin 
the corves, by aid of which he asserted that he cool 
draw from 140 yards depth in half a minute. Yet f 
years he found but Uttlo response ; they were applii 
at a few of the midland pita, and about 1827 by the 
late Mr. Holwey, at Welton Hill, near Midsoma 
Norton, In the north they began to make their fl 
between 1835 and 1840, and are now univereallj 
employed, as essential to economy and to the safety fA 
tile men. 
The coiiductorB in general use a-fe ol --Nwii (;^wsii 
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fce) about 4 inches by 3, attached to bunions, or crosa- 
sces, fixed across the pit at intervals, and are com- 
mly only two in number, one on each side of the 
ge, and costing, with labour, 10s. to 14s. per fathom. 
some instances a pair of vertical iron rails are em- 
»yed ; in others, lengths of angle-iron, similorly 
tached to bnutons. In Lancashire many pits have 
m fitted with a continuous round bar of iron, Used 
the pit-bottom, and screwed up to the head-frame, 
i€ cross-bar of the cage having a ring at each end 
bich runs upon the rods. An inferior plan was that 
stretching down the pit a single-link chain, now 
ijeraeded by suspending strong wire ropes* kept in 
Loce by heavy weights at the pit bottom, and giving a 
earance of 20 to 34 inches between the cages. 
I One of the important shaft-fittings, upon this method, 
* the cage, or chair, for the reception of the tubs or 
Pams, which simply traverses up and down the pit. It 
I almost invariably constructed of malleable iron, and, 
luce lightness is highly desirable, as small as possible 
or the weight it is destined to cany. For a single tnb 
t cage of 5 or 6 cwt. will suffice ; for two, whether to 
le placed side by side or one over the other (a 2-decker), 
I to 10 cwt. At Monkwearmouth the 4-tiib-cages 
reigh as much as 24 cwt, ; others no lesa than 3 tons, 
Oolnding their tackling- chains. Cages of combined 
itrength and lightness have of late been advantageously 
Dade of steel. 

' Theslidepartsoftho cage, ofthin wrought iron, which 
loosely fit to three sides of the wooden conductor, are 
applied both at the upper and lower bar of the framing, 
hud are a little bell-mouthed upward and downward 
F * TliG atout wire-rope conductan employed ia manj deep pits in 
found to be most aerrioealila eTon at the highert 
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to allow them to slip more freely over inequalities, 
order also to keep the tubs from shifting durin; 
transit, a simply contrived latch is always app! 
ther on the floor of the cage or at the ends of a. 
through its upper bar. And when the 




reaches the surtace, duly signalled on its approad 
a bell ringing in the engine-housej and by 
mark attached to the rope, the cage ia lifted witi 
floor a little above the plane of the bank at which 
intended to rest, and then allowed to drop on tf 
keeps. These latter are the heads of an arri 
meat of counterbalanced levers, which offer m 
L etacle to the ascent of the cage, but by a a 
k movement of the hand, or automatically, are mac 
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ie and catch it in its descent. The moment that, 
ively pit-mouth, the cage bottom toachea ths 
b the landers have already got hold of the fall 




tuhs to pnll them on to terra, jkma, or are forcing them 
t with the empty ones which they are pnahing in to 
take their places. Oa the iron-plates with which the 
I Bfaging abont the pit-top is floored, the waggons are 
haaled off, up goes the cage with a jerk a few feet, and 
anon plangea down again into the g\flom.-, whilst the 



ipuredl: 
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men are rnshing forward -with the empty tubs prepared! 
for the fellow-cage, which in a few seconda flies up l)j 
the other side of the pit, 

"When the cage ia two-decked, or, as sometimes in 
Belginm, has three or fonr compartments one aboTC 
the other, the landing process has to be repeated at ihi 
same level, or, for the purpose of saving time, maybe 
carried on at two different levels on the staging, wliilit 
the loading ia similarly performed at the bottom. It 
ia in this way that a very neat system ia adopted for 
running in and out the eight tuba which form the load 
of the great 4-deeked cage^ of the Gfraud Honw 
Colliery, near Mons, a cage weighing itaelf, with iti 
protecting cover, about 2,692 lbs. English. 

The siugle-lint chains, and the round hempen ropts 
of former days, survive only at rude and petty worts. 
Elsewhere they are succeeded by flat ropes of hemp 
(bands), by the ponderous flat chains of three \hh 
used for slow drawing in the Staffordshire district, ot 
by wire-rope, either flat or round. Iron wire wai 
applied to mining purposes in the Hartz mountains, 
and then in Hungary and Saxony, before it was tried is 
England, and its cheapness and lightness, aa compared 
with hemp rope of equal strength, obtained for it 
a great, but by no means exclusive EuccesB. The 
desirable quality of lightness has been pushed stiil 
further by employing ropes of steel wire, but not 
hitherto to any great extent, although Mr. Tylden 
Wright informs me that his flat iron wire ropce, 
weighing 27 Iba. per fathom, have been replaced by flat 
steel of 10 lbs., and {in the upcast pit) by round 
steel rope of 13 lbs. to the fathom, the weight of coal 
in each case being 28 to 30 cwL ; and that the roun^ 
ropes iiflvfl been working Eot two -seUTa, ^s^iA.s,\. 'Cv\a%^ 
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irou and ateel ropea seldom admit of more than H 
moiitlie wear. 

The flat ropea have been largely employed, in conse- 
quence of their easing the engine by coiling one lap 
over the other, and thus forming a counterbalance aa 
the cage ascends or descends, giving the fullest lever- 
age to the engine at the time that the maximum 
weight is being lifted, i.e., when the loaded cage starts 
from the bottom of the pit. But the greater wear and 
tear has given rise within the last few 
years to the introduction of round 
wire-ropes, coiled — some upon cylin- 
drical, others upon conical drums. In 
the instance just qnoted, the drum 
runs from 16 feet at the small end up 
to 20 feet diameter ; and if due care be 
taken to wind the rope on at first very 
tightly, and to give such an iuclin 
tion aa shall guard the coils against 
slipping, these drums are foimd to 
work admirably.* 

In the deeper Belgian collieries, cmicsi^mTn action. 
flat ropes made of the aloe fibre (much ^"'^' ' *"" ^ ^^ '"'■ 
I employed for the same purposes in Mexico) are pre- 
ferred. The disadvantage of this material would appear 
to be the great weight, since with about 15 per cent, 
of tar, the ropes used at the Grand Hornu weigh from 
12 to 19 lbs. per metre of 3-28 feet English. They are 
stated, however, to be extremely strong, trustworthy, 
Eind durable. As a fhrtber means of counterbalancing 
theigreat weight of rope to he lifted with, the full cage, 
there is, in most of t!ie Northern collierii-s a counter^ 

• In several instsneea with a intiKinmm i^ameVet qI 1A\,ci^^V»A. 
coniaal dnimB Imvo been constructed 'wvUi. ML ir 
the reception of the ropo. 
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balance etam attaclied to the drum shaft, which passM 
in the reverse direction to the rope over a pulley, and 
has, appended to the end of it, a quantity of excess- 
iyely heavy links of iron, which repose at the bottom of 
a pit, 30 or 40 yards deep, when not required to be in 
action. When, however, the descending rope begins to 
preponderate, they arc gradually lifted into the air, 
and thus, when the full cage begins to be lifted, aiJ, 
■with their great weight, the effort of the engine in 
accompli a hing the heavier portion of its work. 

The pulley-frames, or head-slocks, intended for tbe 




e, iifldiMiiarMt. 



"ig, 30, Euj^e on oca tide of a pcilr of 

ig of a single band down a pit, and thus often 
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placed one on each side of the engine, as commonlj 
arranged in the midland districts} are a comparatively 
simple framing in a triangular form, composed of two 
aprights and two back-legs, supporting a sheave or 
pulley of cast iron, 6 to 9 feet diameter, at the height 
of from 20 to 30 feet above the ground. When intended 
for rapid winding, these latter are generally replaced 
by pulleys of greater diameter, from 10 to as much as 
20 feet, and having the spokes made of light wrought 
iron rod and only the socket and rim of cast iron. When 
two bands are to be worked, the pair of pulleys are 
Bet upon a framing of greater breadth, which often 
has a general rectangular form, steadied by back-legs 
strutted either against the ground or against the 
engine-house. But the varieties in 
form are so numerous that it would 
carry us beyond our limits to do 
more than refer generally to them. 
A. noteworthy, but expensive, 
modification is that at Seaton 
Delaval, where the timber framing 
is replaced by beams of f ths inch 
wrought iron, riveted at the comers 

° ; . Fig. 81. Plan of iron 

With angle-iron.* Cast iron has uprights. 

been employed in Staffordshire for small frames, but it 

is not to be relied upon. 

With all the precautions taken to secure good en- 
gines, careful men, and trustworthy ropes, two kinds 
of accidents occasionally occur, which, as in this 
wuntry the men are invariably lowered and raised by 
the same machinery, give rise to a peculiarly harrowing 
loss of life. One of these is the overrvindinff, which 
brings the cage violently up agamat ftie y^'^I^ ^^^x- 

♦Jfen^/w^ferzw of jroB frames havo now \)eciaiivXxo^vj^5^ ^^'i^^' 

I 2 
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head, and thus breaks tlie rope. And, ae with 
large driima now in use, a single stroke of the engiiu 
raises the cage 60 or 70 feet, it will be seen hoi 
needfnl it is to have a careful engine-man, and m*' 
chinery under perfect control. Overwinding is guarded 
against partly by having the pulley-frame high (fr 
30 to 60 feet), partly by the signals wMch tell the moB 
when to moderate his speed, and partly by efficient 
brakes; and of late steam brakes have often been added 
to the engines, which in some cases are self-acfiDg, 
and come into play by admission of steam into a 
special cylinder aa soon as the cage passes a certain 
point in the guides.* 

The second class of accident is from the simple 
breakage of the rope, and whilst, in most cases, it is 
guarded against only by beeping in employ the best 
. materials, and carefully overhauling the rope, it has 
been the subject of a number of inventions, to which 
the name of safety-cage, in French parac/euie, has beer 
applied. As early as' 1846, Mr. Eourdrinier had 
practically tested in North Staffordshire an ingenious 
arrangement by which, on the breakage of the rope, a 
wedge was, by the action of a spring, inserted between 
the wooden guide and a part of the cage, so as to bring 
the latter immediately to a stand-Btill. In 1850 and 
1851, I saw a number of them applied by sundry 
colliery viewers, who, two or three years later, bad, after 
fair trial, unshipped them all, mainly for the reason 
that they were apt, in quick winding, when the ropa 
surged or slacked, to come into play when not wanted^ 
and thus to introduce a now source of delay and danger. 
In fact, to the present day, this same objection holds' 
, more or less, to all the varieties that have sinoe 
• fceo also CliRB. "SNUI., -b- ll"*. 
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I been proposed ; and, along with the common dislike of 
I tniBttDg to a spring for setting it in action, militates 
against their general adoption by the coal trade. 

Two varieties, it is tme, were shown at the Exhibition 
ot 1862, which dispensed with springs, Panll's and one 
of Kjrst's, of Belgium ; but neither of them was 
thought satisfactory by the Jnry. 

The remainder of the safety-cages are chiefly divisible 
into those where two levers are 
made to thmst ontwards against 
the oondnctors, and those where 
clntches embrace the two sides 
of the gnide rods. Of the former 
kind is that of Fontaine, which 
has been successfully applied in 
the great collieries of Anzin. Of 
the latter, we can only mention 
White and Grant's, largely em- 
ployed in Scotland ; Aytonn's, 
Nyst's (fitted to trapezoidal 
guides), Jordan's, which grips 
firmly withont the nse of sharp 
teeth ; and Owen's, Fig. 33, which 
has been appUed in many of the 
Lancashire pits, and has actually 
saved nnmerons lives. 

The apparatus of Mr. Calow, of 
Derbyshire, Fig. 34, is noticeable 
for the ingenions manner in which 
he brings a single spring to bear 
OB the clntches, not when the 
rope is merely slacked, so as to 
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e to descend at the velocity of falling. The apira] 
, held in a. state of compresaion botween a j 




Fig. SI. C«l(™'i Bafety ctg*. 



weighted cap above it, and the part of the cag& below 
it, from which the cap is separable, no sooner finds 
its foundation gone by the commencement of fall, thtat 
it flies into action, lifting its cap and pulling the leverB' 
which close the clutches." 

The question of the advisability of employing an 
foiTn of safety-clutch yet invented, is by no mean 

" Models of s great number of the safety-cages whicli haye been i 
practical operation bj-q open to inapectioa id tlio Museum of Fractic 
Geology, Jfinnyn Street 
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settled. Many of the most experienced colliery viewets, 
both at home and abroad, hold to the opinion that they 
Bubstitate one danger for another ; and that, what witli 
the inconvenience of their operating when not required, 
the danger of trusting to springs amid the dust and 
wet and rust of a shaft, and the tendency to induce 
neglect of tlie proper condition of the rope, it ig safur 
to trust to careful engine-men, the beat materials, and 
caution in not running a rope too long, or omitting to 
have it frequently examined. 

Many of the above inventions are coupled with an 
apparatus for disengaging the cage if overwound, and 
thua bringing it to a standstill against the guides; anfl 
these form, doubtless, a very t^eful adjunct. 

A cover, or bonnet of sheet iron, is now very generally 
added to the cage, to protect the men against falling 
materials ; and with the addition of sliding gates at 
the shaft-top, which are lifted when the cage comes up. 
but guard tho brink of the pit when the cage is down, 
are safeguards against many of the accidents so rife in 
connection with shafts. 

Thoeo who are connected with metalliferous mines 
would like to see one of the pita of every coal-work 
fitted with a ladder-way, to give egress to the men in 
case of accident to the winding machinery ; but though 
commonly employed on the Continent, ladders are 
quite unusual at our British collieries. 

A safe and very economical mode of putting the 
men up and down the shafts is tho Fahrkun&i, or man- 
engine, a reciprocating rod or pair of rods, fitted with 
steps, by which the traveller ia lifted from 8 to 14 feet 
at a stroke, and by which an entire pit's crew of 400 or 
500 men may he conveyed in little more than an hour. 
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In Belgium and "Westphalia, as in onr Cornish mines, 
tliey are in common use ; and, from a long experience,! 
can testify to their comfort and aecnrity ; but in om 
coal districts, a strong feeling in favour of the rope 
prevails, by which, although one party of men paases 
through the shaft more rapidly, the passage of the 
whole complement occupies the engine much longer; 
whilst the annals of colliery workmg stipply us with 
too many sad instances of the dangers which attach to 
this system. 



CHAPTER SV. 

DRAINAGE AND PUMPING, 

Ih no respect do collieriea differ more from each otter 
than in the quantities of water which they encountcfi 
either in the winning, or in the subsequent working 
of their mineral. In one case, a retentive clay cover 
may prevent the access of surface water, which in 
another may pass in abundance through a sandy OT 
a gravel alluvium. In certain districts, water-bearing 
measures of an almost fluid consistency must be p. 
through, whilst in others, the comparatively tight cobI 
measures may at once be entered. Frequently the 
strata above and below the coal are so compact as to 
render the workings actually too dusty and dry ; but 
instances are common enough in which water makes 
ita way through the roof stone, or through the coat 
itself, and adds difficulties and expense to the whole of 
the operations. In a former chapter, we have seen that 
|y the process of tubbing, the water met witJx in tho 
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shaft may be so effectnally excladcd, aa even to admit || 
of & mine being worked dry beneath heavy feeders ; 
but it too often happens that either from the conditions j 
of the place being tinfavoarable to the process, or from j 
its not having been attempted, a costly system of \ 
'pomping has to be miremittingly maintained. : 

Up to the beginning of the present century there I 
were many districts in which comparatively shallow 
collieriea were drained by means of adit-Ierels, or 
sough, often driven for a long distance from lower 
ground. But, in proportion as these snperficial work- 
mgs have been exhausted, it has become necessary to 
follow the seams to greater depths, and there are but 
a few hilly regions left, snch as Soatfa Wales and Dean 
Forest, where some of the works still enjoy the ad- 
vantage of free drainage. 

Before the practical introdnction of Newcomen's 
steam-engine, the modes of removing the water fi^m 
onder-level excavations were by the application of boree 
power or of wat«r-wheels to an endless chain with 
backets, to drawing-pmnpa, to the rag-and-chain, or 
to winding of the wat«r in barrels or oi-skins. Agri- 
cola gives -or., in 1550, an accnrate description, with 
drawings, of many varieties of apparatus worked by 
tread-wheels, by horse-gins, or by water-wheels of 15 
to 30 feet diameter, which show that very little advance 
was made between the period of his observations and ' 
the commencement of the IStfa century. Ifay, it is 
clear that until of late years, many of our mines still 
labonred under the same disadvantage as of old in their 
pump-work, viz., that it was supposed to be necessary 
to restrict the height of a lift of pumps to the 32 &et J 
through which water can be raiwA \>'J ' 
1 3 
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pressnre. The several contrivanceB above mentioned 
answered their purpose as long as the pita were very 
shallow, tut their difficulties increased rapidly witli 
depth (a condition of mining work often overlooked by 
inventors), repairs were constantly needed, and, " when 
a joint-pin gave way, the whole sot of chains and 
buckets fell to the bottom with a most tremendoiw 
crash, and every bucket was splintered to pieces." 

When pumps were employed, of which the 
raised water, about 30 feet only, to the next lift above, 
the moving parte had to be so multiplied, that things 
were unnecessarily crowded in the shaft ; first-cost and 
subsequent maintenance were needlessly heavy, and all 
tho difficulties were greatly augmented with the increase 
in the volume of water to be lifted. 

These common drawing or " suction " pumps had to 
be converted into the more useful drawing or bucket- 
lifts of mines, by the simple expedient of increasing 
the height of the coUar above the piston, or in other 
words, making the bucket-rod work inside a column 
of pumps, or trees (as they are often termed, from 
being originally of wood), and lift the water above 
it. Applied in this manner, the length of the 
lift becomes only a question of strength of materials, 
and it is commonly extended to 50, 60, or 80 yards. 

The woodcut, No. 35, will show, in section, the 
bucket in its woi-king barrel, the rod extending upwards 
with the column, or trees j below it is the clack, en 

■ Poesil Fue!, p. 1S6. A Bingnlur pumpiDg-uiachina recalling tl 
oM apparatus was stiU, in 165T, to lie seen at the littla collier; of Ci 
Barton, Dctir Ftome, where GO futhoms length of S-inch ptunpa ^t 
worked by a, full of water passing 26 Taida down n pit, and uti 
upon, a chain with backets of sheet iron lapping otst wheels k 
and below. 
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valve-piece, resting in its seat, and capable of bang 
removed either througli the clack-door, or sometiroa, 
in case of accident, by being fished np with a hoot 
paaaed down thtongh the column on removal of tie 
bucket-rod. The lowermoat portion is the so-callai 
nind-bore, or snore-piece, where the holes in the bottom, 
generally covered by the water of the cistern or thfl 
sump, are of snch size as to prevent tie entry of chips or 
stones. The joints of the various lengtl^, and that \Xr 
tween the door and the clack door-piece, are made fight 
by the intervention of a thin layer of some soft material, 
iia tarred flannel, caontchouc, &c., and screw bolts and 
nuts. The action of this pump is easy to follow: at 
every up-stroke of the rod, the water will rise through 
the clack, and the column of it standing above the 
bucket will he so raised as to deliver, at the top <» 
the lift, a quantity measurablo by the diameter of the 
working-barrel and length of the stroke. Should the 
pumps be going *' in fork," or the water have 
receded below some of the holes of the windbore, thfl 
ebullition of the water will show that air is beinj 
drawn, and that the full quantum of water is not beini 
raised. 

A few specialities of the bucket-lift may be noticed 
When the water is saline or acidulous, and corrode 
(he iron, the working-barrel, ordinarily of cast iron 
duly bored, is sometimes made of brass or gun metal 
(as, indeed, it very often was in earlier days); or, as in 
some of the copper mines in Cornwall, the whole of tb^ 
pump-work may need to be lined with staves of woo^ 
carefiilly fitted like an internal cask, to prevent tli( 
rapid destruction which otherwise ensues. During tin 
Bwking of pits, and wliere sand, feni* \'ta ^o^ te tlri 
sjimp, the leather with wliicV ttie ■V)utVe\, ' 
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rapidly cut to pieces, and tha water ceasing to be pro- 
perly lifted, the bucket has to be changed. In very 
bad cases this may take place, not merely several times 
a week, but even every few hours, and the time and 
cost expended in the operation are very serious. Me- 
tallic and gutta percha packing have been largely tried, 
but vrithont establishing a general superiority. 

The clack is much more slowly worn, but it is never- 
theless often a subject of trouble if the water be quick 
and lis h th I k d r before the change be 
made. W h n n h t efnses to act, and sticks 

faat in t t t mu t th r be drawn out by main 
force, or a nd lack m y be dropped upon it, and 
the wat th 1 d I cent instances, very im- 

portant services have been rendered by professional 
divers, employed to put to rights a lost lift At Messrs. 
Fletcher's Clifton pits, Workington, and in South 
Wales, the work has been thus satisfactorily done by aid 
of the diving apparatus, under 30 or 40 feet of water. 

To return to the action of the pumps. At every up- 
stroke it will be seen that the engine has to raise the 
rods, or spears, and their connections, as well as the 
entire column of water contained in the lifts ; and in 
order to obviate the enormous strain thus occasioned, 
it was early found desirable, in the deep miues of Corn- 
wall, to substitute for the buckets a forcing arrange- 
ment in all but the bottom lift. This was perfected by 
Captain Lean, in 1801,* by the introduction of the 
plunger pole, or ram, working through a stufEng-box into 
a plunger case of bored cast-iron, and forcing at every 
down-stroke the water upwards through an upper clack, 
and the clear column of pipes above it. The working 

• The plunger tad, howflTer, been at vjoik in tos \3Bi\M. Mias* 
^raraljaan befoia this dato, erected pxobo.'Uj Vj 'iS.'Oi&lK^ _ 
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of this method Tvill he evident irom the eecUonal wood- 
cut, No. 36. 

The great advantage hence derived over and above 
the much smaller degree of wear and tear, is, that the 
engine has simply at each stroke to lift the rods and 
plnnger poles. These, then, in the down-stroke, by 
their own we'ight, descend and force the water before 
them. And inasmuch a5 the weight of the rods ia far 
more than siifficient in a deep mine for thia purpose, 
they are in part counterbalanced by beams (balance- 
bobs) placed some at surface and some at intei-vals in 
the abaft, each laden with 15 to 20 tons of old iron. 

Thus, in themineof Treaavean, atasbaft 348&thoin9 
deep from surface, the 86-incb cylinder engine raised a 
weight of roda, plungers, and sets-off, for nine lifts, of 
67 tons, 3 cwt. The main beam, with its gudgeons, 
connections, &c., 50 tons; four balaoce-boba, 60 tons; 
the four loaded balance boxes, 80 tons ; or, altogether, 
besides the weight of water in the drawing lifts, about 
260 tons, to be set in motion at every stroke of the 
engine. 

The arrangement m Cornwall is universally the same. 
From the end of the main-beam, projecting over the 
engine shaft, a single rod passes all the way down to 
the bottom or bucket-lift. Employed in its maximum 
strength at tlic surface, where it has the full weight to^ 
sustain, it is then tapered or diminished downwaidi 
according to the diminution of the strain by which it is 
affected.' At the requisite intervals the plunj 
are attached to it by sets-off, bound to it by stronj 

■ Thua, in a deep mine, a mnia rod of 290 fathoma long U n 
for the first 120 fathoma of two 12-mcli sqnftTB Riga balk, and a 
•rsrds one ol JS-inch ballt, decteRsine to \.\-iiic\i mi ll-inoU, 
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(Staples 6f iron. The several lengths of rod, generally 
^ftom 40 to 70 feet in length, are connected by the aid 
of strapping plates of hammered iron from 9 to 12 feet 
long, on opposite sides of the rod, bolted through it 
with screw bolts. At moderate distances apart, stays 
are placed across the shaft, which guide the motion of 
the rod, and iron rollers are added where it deviates 
from the perpendicular. At intervals, too, very strong 
beaJDS are fixed in tlie shaft as catches, to prevent the 
fall of the rods downwards, as well as indoor catches, to 
prevent damage to the engine in case of the rod break- 
ing at a ahailow point, and thus being suddenly relieved 
of ita great weight. In this manner the gigantic pnmpa 
employed in some of the mines are worked with such 
perfect ease and smoothness of action that you may 
stand near them in the shaft and not be aware, except 
by seeing, that they are in motion. 

I have tlms dwelt especially on the Cornish methods, 
because the necessity for economy and the competition 
between the engineers in that district have brought 
the pit-work to a higher degree of perfection than is to 
be seen elsewhere. When tested by the work done for 
a given sum of money, it contrasts remarkably with 
the rattle and concussion, the heavy cross-heads, and 
the greater complication of rods that are often notice- 
able in other mining regions, even though the excellent 
invention of the plunger may have been adopted. 

We have now to examine into the mode of applying 
the power which is to keep the pomps in action. I 
may omit to describe the means of settmg water power 
to work pumps of the above description, for although 
often employed with advantage for metalliferous mines, 
it seldom comes into play in coUietiea. Both. io. tha 



commencement of operations at a difficult sinking, sn 
afterwards as a permanency at small or lightlj-watew 
pits, tlio double-acting rotary engine is commonlymo 
If the water is to be drawn at times ivlien coal is Q 
to be raised, the usual ropes or chains have attached 
them water-barrels, cowls, or ringes, which will cu 
irom 10 cwt. to a ton of water, and are emptied i 




Fig. 3T. Ergine anil apiioratuii for winding anr! pninpine, Cambois. NorflinmliaU 

reaching the surface by means of a self-acting va 
placed in their bottom, or by being capsized by ' 
lander. When pumps are to be worked, it is usually 
Bweep-roda passing from the crank on the main at 
to quadrants or bell-cranka at the shaft mouth. 3 
gines of this class, whether worked by high or 1 
.pressure steam, are suitable enough for temporarj 
iJiiHJb'ary purposes, but muRl \«s awewswled in dee{ 
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Warily watered minea by special pumping engines, 
[a Bome few instances the combination of drawing and 
pumping may be seen on a large scale, aa in Fig, 37, 
^presenting an engine of 65-incli cylinder and 7- 
&et stroke, Cambois, Horthuniberland, which, thongh 
idtimately intended for drawing alone, is at present, 
inring the sinking of the shaft, working the pitmp rod 
ty the intervention of, first, a built wrought-iron beam, 
ind, aecondly, a beam of cast metal. 

The engines intended for serious pumping form a 
subject of the highest importance in mining, and as the 
value of the best kinds is still hut imperfectly under- 
stood, it is desirable to take an accurate view of the 
Kaulta which have been obtained fVom them, 

We have already, in Chap. I., followed the improve- 
ments of the steam-engine with reference to the emploj- 
Keut of coal as a motive power, and have seen that 
JTewcomen's atmospheric engine (of which a very few 
Bpecimens are still left) was succeeded, soon after 
Watt's patent of 1769, for the separate condenser, by 
Various improved forms. The comparison between 
different constructions which then became needful, was 
made by calculating the duiy^ or number of poimda of 
water raised one foot high by a bushel of coal. When 
Smeaton commenced his modification of the atmospheric 
Bngine, the average duty about Newcastle was 5,590,000 
Iba. ; in 1772 he erected one at Wheal Busy, which 
ittained 9,450,000. The same great engineer acknow- 
ledged that Watt's engines, which came out between 
1776 and 1779, would perform double Uie duty of his 
)wn, and some of them were tested to do nearly 
19,000,000. The average, however, of Watt's engines 
a Oomwall gave a duty of 17,000,000, and when 
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20,000,000 had been attained in the engine at HerlmJ W 
that shrewd philosopher pronounced the work peiM IhI 
and stated that further improvement could not ' 
espected. Left, however, to thcuiaelveB, by tiecqj ril 
ration of Watt's patents, and the withdrawal of 
agents from the county, the Comishnaen after a 
years organized, in 1811, a Bystem of monthly reportil 
the engines, with their conditions of work, and thada 
accomplished. Within a space of some twenty-fire ya! 
marveilons reanlta were produced by the emulation liil 
aroused among mine-captains m tne arrangement 
their pit-work, and among engineers in the deviflii^' 
improvements in boiler and engines. 

As some of the modifications to be specially mt 
are, (1) Trevithick's tubular boiler for generating hii 
pressure steam, where the fire is applied at the Isii 
end of the tube, and the heated air made to pass throuf 
it, then beneath the boder or outer tube, and afterwan 
along its sides ; 2ndly, the expansion in the cylinder 
the high-pressure steam by closing the inlet valve 
i, ird, ith, or even Uh of the stroke, whereby fron 
to CO per cent, of the fuel is saved; and 3rdly, 
addition of a steam jacket or outer case to the cylin4 
BO protected by a brick wall, casing of sawdust, or oti 
clothing, that the internal space ie occupied by steam 
a temperature but little below that in the cylinder. 

From an average dutj of 17,000,000 performed 
Watt's time, the Reports published by Lean show 
amount of 28,000,000 attained in 1823, and of no 
than 00,000,000 in 1843, whilst the best engine t 
tested had actually given an average duty of ab( 
96,000,000 ! The most remarkable case on record ia tJ 
of Austen's engine of 80 inches diameter, ejected- 
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k "William "West, at Fowey CodboIb Mines, and which, 
. l»eing reported in 1834 to give a duty of nearly 
000,000, was the occasion of a eearching investigation 
I of a practical experiment, conducted by other en- 
►eere and mine agents, formed into a committee." 
o shaft was at tliat time 131 fathoms below the efflux 
tut of the water, the lifts of 15 inches diameter for 
B three upper, and lOJ inches for the two lower ones; 
a length of stroke 9 feet 3 inches, the pressure at the 
|Qer 36i to 45 lbs. per square inch. The astonishing 
BoM, was, a declared duty for the twenty-four hours of 
^iment, of 125,000,000 ! 

' On taking the average duty all through the year 
fc 91,672,210, we find that, as burnt in this way, 
l&B ton of coal will do the work of five tons in Watt's 
ftgines, and will raise for 100 fathoms in height as 
tlQGh as 367,000 gallons, or 1,038 tons of water: 
Iftence, taking coal in Cornwall at an average price of 
|&.per ton, the fuel costs one farthing to raise SJ tons 
^water 100 fathoms. The coal consumed for the long 
feigle-tube boilers of the Cornish engine is Welsh, 
tq)ped from Llanelly and Swansea, mostly small, and 
reighing 94 lbs. to the bushel. The combustion is very 
bWj hat so perfectly efi'ected, that a few years ago 
sarcely a puff of smoke was to be seen between one 
id of the county and the other. Of late it is trno that 
black pennant is occasionally visible, and the blamo 
laid upon inferior coals. But, at the same time, it 
observable, that a very small number of the engines 



• SimCar experinieata by a committee had flhown, in Docemter, 
57, that Woolfe engine, at tte Conflolidatcd Mines, Rnvo 63,663,473 
I. doty, and Grose's engine, at "Wheal Towan, St. Agnca, in 1828 
',209,662 11)3, 
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are reported, and the average duty has deterion 
and tbiis, whilst the ehareholders grudge the ^ 
or two per month for engineer's or reporter's fae, 
pay heavily in increased coal-bills. 

Among the moat experienced of onr mme-engi 

n Cornwall, may be mentioned Captain Grose, M 
Harvey and Co., of Hayle, Messrs. Hocking and I 
and Mr. West, of St. Blazey. Engines on a al 
conetmction have been built elsewhere, at Messrs. 
bairn's and many other works, both at home and a] 
But there has been wanting a fair system of repi 
the results obtained ; and when we see the great t 
which accompanied the recording and publishing 
details in our western counties, it appears mof 
sirahle that such reports should become more ga 
and should include coal districts, in which we too 
have to witness miserable exhibitions of neglect, i 

'agant use of fuel, and great wear and tear of matt 
To compare a bad case with a good one, I have wa 
a large pumping engine in the north, which raises 
from 105 fathoms deep, in 12-inch lifts, at 7^ al 
per minute, with a consumption of 20 to 25 U 
slack per day. A similar amount of work ia dfl 
an average Cornish engine with from 2 to Si- 
The coal is, doubtless, in the former instance iiB 
but the result shows that there arc engines i 
country consuming upwards of ten times the qa 
of coal that is needed for the work accomplished] 
At the beginning of the century, it was propoi 
Eull, to omit the heavy beam, or dob, which const 
a great part of the dead weight of the common pni 
engine, to place the cylinder over the shaft, and ec 
the piston-rod, working through the bottom, di 
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le main rod of the pumpa. The Bull-engiues 
sen erected at many mincB, but have failed to 
e with the others. Of late years, several have 
tablished at eolliories in this country and abroad, 
iir effective performance is doubtful. Another 
ation is just now in fashion in the coal districts, 
;h condemned, after long experience, in Cornwall, 
lat of inverting the cylinder and placing the 
elow it. But the piston-rod can hardly upon this 
be so well lubricated, nor the stuffing-box kept 
lly good condition, and the asserted saving in 
Iding of the engine-house seems at beat to be a 
lestionable piece of economy, 
fearful loss of life occasioned by the fracture of 
in beam at the Hartley Colliery, has been the 
f further attention paid to that part of the engine ; 
eral methods of substituting wrought for cast 
Lve been applied. At Clay Cross, the beam of 
T S4-inch engine is formed of two slabs of rolled 
feet long, 7 feet deep in the centre, and 2 inches 
the two braced by strong cast-h-on distance- 
jolted between them, the whole beam weighing 
1. At North Seaton and Cambois, near New- 
indatEastCaradon,and other mines in the west, 
have been variously built of boiler plate and 
pon ; but it yet remains to be seen, what mode 
struction will best ensure that rigidity which 
m, with all its fauItSj must be acknowledged iu 
degree to p 
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CHAPTER XVL 

I.IGHT1KG OF THE WORKINGS. 

The collier, in deacending to his work, Geldom 
cany a light through the ehaft. A few seconds, ir 
the machinery is good, or minutes where it lacks pert 
are sufficient to land him at the bottom, either in 
dense gloom of a pit eye, rendered barely visible I 
candle, or a safety-lamp, or, according to the ciroi 
stances of the colliery, in a busy scene of activity, i 
lighted by oil lamps or even by gaa. Here, or at » 
station not far in-bye, he will light up, and, aft 
little delay, in order to accustom the eye to the darkll 
proceed on his inward way. 

The lamps of the well-known classical form, of w! 
the Romans have left us numerons examples in bn 
and terra eotia, survive in many of our modem no 
ground workings, but especially in the metal miw 
the Continent. In the collieries more generally ( 
form has been changed to one with a globular, cj 
drical, or conical oil-holder, and with a much smi 
wick than would be used in the Roman lamp. 
Scotch and some of the Saxons employ a little m 
oil-lamp, with a hook on one side, by which it mtt 
attached to their cap when travelling in low place 
hands and feet, or when climbing ladders. In 
about Mona, in Belgium, an oblate form is prefei 
resting upon a strong iron spike, by which it mf( 
fixed into wood, or into the coal itself, at the leqn 
point of work. Lamps of this kind may be constrn 
to give a very tolerable light with vegetable oils, at 
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of" from three farthings to one penny for eight 
ra. Within the last two years, lamps for burning 
oleum and paraffine oil have been propoaed, and a 
adid light baa been obtained, bat coupled, in the 
Dplea which I have tested, with a disagreeable 
ir very objectionable in narrow excavationa. 
or English colliers (as also some of those in Saxony, 

have more commonly been lighted at their work 
allow candles, which, for ordinary work, are from 
ity to twenty-five to the pound, bnt for fiery col- 
38, used to be so thin as to weigh thirty and even 
r to the pound. The candle is either fixed in a 
er, with a spike at the end, or ia attached by soft 

to the place whence it best throws a light on the 
[ I if it be used in a draught of air, a shield of wood 
aced behind it to prevent its " swealing." Before 
Bucceasful introduction of the safety-lamp, it was 
regular practice to test the presence of fire-damp in 
working stalls and in the wastes by the appearances 
he flame of a candle; and skilful, steady -handed 
len acquired such a readiness in thus trying the 

that thcsy would sometimes almost play with it 
1 standing within a hair 's-br cad th of destruction, 
slim candle is for this purpose neatly trimmed, and 

held out, shaded by one hand, so that the top of 
3ame can be more clearly watched. On being ad- 
;ed gradually upward in a place where fire-damp ia 
ed, the flame is seen to elongate, and to assume a 

colour, more or less pure, according to the nature 
le gases present; ecmetimes, indeed, if the car- 
tted hydrogen be much mingled with carbonic 
, nitrogen, &.C., the " cap " of the flame will exhibit 
jy or brown tint ; and such variations will be fre- 
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qnent in the mingled impurities of the "return" aii 
conrsea. As some varietiea of fiery gaa are"qnick' 
in comparison with others, it needs a cool head an 
unswerving hand to lower the candle again with th 
requisite stillness, when once it had shown too daft 
gerocs a cap. It seldom happens that the candio 
now used for this purpose, unless to test the preseni 
of the enemy in places canahle of storing only a emat 
quantity. 

Towards the end of the last century, when it was 
attempted more and more to work in places infeatfli 
with fire-damp, various suhstitutes for the old method 
of lighting were tried. The reflection of the sun 'a rajl 
from a mirror was capahle of throwing a sufBcient 
forward for some little distance ij'om the shaft for tba 
accomplishment of certain work about the pit-eye, but 
was inadequate to penetrate far into the workings. A 
premium attached to those men who could work best 
in the dark, for driving some dangerous place into 
which no candle could be taken. The steel-mill was 
then invented by Speddmg, of Whitehaven, and ac- 
quired a considerable popularity. In this instrument a 
disc, with periphery of steel, is made to rotate rapidly 
by means of cog-wheels and a handle, whilst a sharp 
flint is held against the steel edge, and a succession of 
sparks is given off, which jield a feeble irregular radi- 
ance. One person had to turn the mill, whilst another 
plied the pick ; and yet, in spite of its costliness, its 
miserable glimmer of a light, and its having distuiody 
caused several explosions, no other means of illumina- 
tion could he employed ; and it made so many friends, 
that even in 1822 it is described by a pitman as 
excellent instrument to travel dead waste with, becai 
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wben in the hands of a judge, it diacovera, by its varioua 
shades of light, where gas is, and where it is not." * 

The occurrence of very Berioua explosions in the 
county of Durham in the year 1812, led to the establish- 
ment of a Society ibr the Prevention of Accidents in 
Coal Mines, at whose meetings in Sunderland, in 1813, 
Dr. Clanny, of Newcastle, exhibited his first lamp, in- 
tended to give light in an explosive atmosphere, and of 
which a description was published in the Philosophical 
Transactions, In October and November, 1815, Lis 
lamp was tried in a fiery pit, whilst that of Sh.' 
Humphrey Davy ia stated to have been first tested in 
practice only on the 1st January, 1816. But although 
thas early in the field. Dr. Olanny afterwards judiciously 
modified his lamp by applying to a part of it the 
invention of Davy. 

This great philosopher first visited some of the col- 
lieries in 18l5j and, after an elaborate series of investi- 
gations, durmg that year and 1816, perfected the lamp 
which was to he so great a boon to the mining com- 
mnnity. It wouid be out of place here to refer at lengtli 
to the Buceesaive steps of the inquiry which established 
the fact, that flame cannot be passed, except under 
pressure, through a wire gauze containing six, seven, 
or eight hundred holea to the square inch, and that 
hence the explosive mixture might ignite inside a gauae 
cyliader without communicating the flame to the gas 
outside it. The standard which was fixed on as the safe 
limit was a gauze with 28 iron wires to the linear inch, 
or784apertures to the square inch. A lamp of 1 finches 
to If inches diameter was at once found to bo safe in 
the most inflammable air of the pits, so long as atten- 
• " Thu Filmau's Infalliljle Guide." Sa-Hcs.!iUe\ V%^1. 
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tion was paid to the caution which lie incuicated, that 
it must not he exposed to a rapid current, or allowed 
to hecome red-hot from the combustion of the gas 
within it. Mr. Buddie showed that it thus became 
unsafe if exposed to a current of more than 3 or 4 feet 
per second, and Dr. Pereira proved that flame could be 
passed through the gauze, if the lamp were subjected 
to a sudden jerk. It ia hence manifest, that, as stated 
by Davy liimself, this ia an instrumeut of perfect se- 
cm-ity only in careful hands, and that it should be 
guai-ded by a shield when exposed to a rapid current of 
explosive air.* 

In the long series of years that have elapsed since 
the first safety lamps were sent down to the northern 
coalfields, a very small number of accidents has beea 
traced to the lamp itself, and many of the alleged casea 
are doubtful. Its thorough efficacy has been daily 
tested, not only where it is employed for inspecting the 
working-places the first thing in the morning, or foi 
travelling-places of known risk, but in many instances 
for the working of a large portion of, or even the entin 
area of a pit. And, indeed, it is like an effect of 
to pass, with the safety-lamp in band, into a fiery stall 
or along the edge of a goaf, and to walk unscathed 
the midst of an explosive compound, whose deadlj 
power would dash you to pieces if there were but a 
awry in the gauze. Abundance of warning is given Iq 
it ; and as the quantity of gas increases, the flame, 
first elongated by a blue cap, flashes into an explosi 
within the lamp, more or loss fierce according to i 
mixed nature of the air, When the carburetted hj 
drogen is mixed with common air in the ratios of ftol 
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1 to 4 parts, to 1 to 12 parts, it is highly explosivo j 
whilst below and above that proportion it burns quietly. 
But if the fire-damp burn in it until the gauze becomes 
rp(l-hot, it is time to withdraw the lamp steadily from 
the place, or to extinguish it either by dipping it gently 
into water, or by drawing down the wick with the 
trimming wire. 

The chief objection to the Davy lamp consists in its 
email amount of light, which leads the colliers, who are 
paid by the quantity of coal which they cut, to substi- 
tute, when they imagine they are safe, the open light 
of a candle, or of the lamp, with the gauze removed. 
So many serious accidents have arisen from this cause, 
that a vast number of modifications of the original 
lamip have been brought forward, some for the purpose 
of obtaining a fuller light, others with the object of bo 
locking the gauze to the lamp, that the colliers shall 
be tinable to take them asunder, or shall only do so 
with the certainty of putting out their light, or of being 
detected. 

It would occupy too much space to describe the 
various contrivances which have been proposed for those 
purposes, but it is essential to notice a few of the safety- 
lamps which have come into extensive use. 

1. The ordinary Davy-lamp, as most commonly em- 
ployed in this country, A, Fig 38, The cylinder of iron 
wire gauze is fixed to a brass ring, which screws on to 
the oil-vessel. Its upper portion is double, in order to 
guard against the effect of the heated gases passing off 
from the combustion. It is guarded externally by three 
Btrong wires, or rods, attached at the top to a metal 
roof, above which the loop is placed for carrying or 
guapending the lamp. A thin wire, for triramiug the 
widkf passes vp through a cVose-tttm^ \siQ'i ^o'sa. "^ 
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bottom of the oil-vessel. It is commonly locked by a 
bolt, turned by a simple key, till its bead ia sunk even 
with, or below, the surface of the metal where it is 
inserted, A part of the circumference is sometimes 
protected by a curved shade of tin or horn, made to 
slide upon the protecting bars. The usual coat is 6s. Sd. 
to 7b. Qd., and the weight ahont 1 lb. C ozs. 

2. Clanny's lamp. The lower part of the ganze is 
replaced by a cylinder of thick glass, well protected hj 
vertical bars. The feed air has to enter the lam^ 
through the gauze above the glass ; hence, what with 
the imperfect combustion, and the thicknesa of the' 
glass, the light given off is not much greater than that 
of the commou Davy, whilst the weight is double; and 
the risk alleged to attend the use of the glass, haa 
added to the objections made to its common employraent. 

3. Lamp by Dubrulle, of Lille. This ia a Davy, pro*' 
vided with a locking-bolt, bo connected with an arm, 
which lays hold of the wick, that if the oil-veasel bs 
unscrewed from the gauze cylinder, the effect is to c 
down the wick and extinguish the light. This and'j 
other analogous contrivances would be efficacioas if th# 
men could be prevented from taking with them lucifei 
niiitches ; but as long as it is in then- power to strike 
light at will, the only real detection which haa beei^ 
applied seems to be a Belgian method of locking witk 
a pin of lead, which, when put in its place by the lamp' 
trimmer, has a device punched upon it. The lamp' 
cannot then be opened without breaking the pin. 

4. Stephenson's lamp, u. Fig. 3S. The " Geordie," aft 
it is called after its inventor, George Stephenson tlie en.' 
gineer, is made of rather larger diameter than the Davy, 
but has the' additional safeguard of a glass cylinder, 
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Burmounted by a cap of perforated copper within the 
wire gauze. The feed air enters by a scries of small 
orifices below the cylinders ; and, in order that the 
light may bm-n well, it is important to hold the lamp, 
or suspend it, when at work, in a perpendicular position, 




A, I)a»7'«,fiielevallon, B, Stnphenaon'a, in Bsellon. O, : 
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jriofl, the fltrong black lines slieet melal. The bttowb rcpreeeiit the directioa of 

and to guard against these small feed-holea being 
clogged with oil and coal-dost. The glass is apreserva- 
(ive to the wire-gauze, and even should it be broken, 
leaves the lamp stiU safe. It is moreover free from the 
risk of overheating, since, when the aii btwiT&ea ^so^^iy 
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exploBiye,- the light goca ont. A good many of these 
lampa are employed in certain British coUieries, and 
when carefully treated and watched, give good resttlts, 
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which compensate for the extra weight and cost M 
compared with the Davy. 

5. Boty's lamp, d, Fig. 39. A royal commission, ap- 
pointed in Belgiimi to take into consideration the means 
of lighting fiery coUieries, recommended, in addition ta 
the simple Davy, this and the three following. In Boty'l 
a good light is given thTOU'i^'h &5\iaT\. ^\ua4 t^Vrndar, 
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snrmoTinted by a wire-gaoze chimney, the feed air being 
admitted through a series of minute perforations a Uttlo 
below the level of the flame. The same precantiona 
must bo taken with regard to these minute orifices, as 
in the Stephenson. I have seen these lamps in use 
near Charleroi, where the agents expressed themselvoB 
well satisfied of their security, if the cylinder be made 
of properly annealed glass. 

6. Mueseler'slamp, c, Fig. 38. This consists also of a 
glass cylindor below, and wire-gauze above ; but, by the 
insertion of a central metal chimney opening a short 
diatanco above the flame, so strong an upward di'anght 
is produced by the heated gases, that the feed air is 
drawn brisltly down from the wire gauze, and passes by 
the inside of the glass to the wick, thus keeping the 
glass cool, and insuring a superior combustion. Up- 
wards of 20,000 of these lamps are said to he in daily 
use in Belgimn, and I am assured by M. De Vaux, en- 
gineer-in-chief, that no accident has been traceable to 
their failure, although they have now been introduced 
for many years. The glass is of course subject to frac- 
iaie, and its average life is eighteen months. The full 
light which they give, removing, as it does, the temp- 
tation of opening the safety lamps, is a strong point in 
their favour ; and they have been employed with success 
by Mr. Lancaster, at collieries in Lancashire, and by 
Mr. Tylden Wright, at Shireoaks in Nottinghamshire. 
At the latter colliery, where they have been introduced 
for nearly five years, and are charged Ss. dd. each, I 
learn that for six months 383 Mueselers had been in 
daily use, and consumed 1 gallon of refined rape each. 
In that period 69 glasses had been broken. A great 
convenience is, their not being affected by an amounW 
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of draught sufSciently strong to blow out the common 
Davy ; and some viewers hold it to be an advantage, 
whilst others object, that it goes out wlien the air be. 
comes highly explosive. 

7, Eloin's lamp, e, Fig. 39. This arrangement, pro- 
posed byM.EIoin, of Namur, about 1850, admits the air , 
through a ring of wire gauze under an argand cap, 
sorrounding the wick. Above this, the light ia given off 
through a glass cylinder, formed in such a curve exter- 
nally as to diffuse the rays. The upper part of the lamp 
surmounting the glass ia a brass tube, covered at the top 
with wire gauze. A brass reflector slides up and down 
the protector bars, serving both to throw the ligbt 
downward when needed, and to gnard the glass against 
dropping water. An admirable light is given by tho 
Eloin, but it requires to be carried in careful hands, 
since it is very apt, in rapid movement, to be suddealj 
extinguished, 

S. Mueseler's lamp, modified by Eloin, F, Fig. 39. 
The combination of the principles of the two above 
lamps is clearly seen in the section. 

The comparison of the various safety-lamps has ac- 
quired a new eigniflcance during the last few years, A 
number of systematic experiments have been carried 
out at various places in Great Britain, and also on the 
Continent, to determine the limits of danger when tie 
lamp meets a current of air at too high a rate of veloci^. 
Already Davy and Buddie had pointed out this source 
of risk, but the question had been allowed to slumber] 
and now, when it was announced by careful experi-' 
menters that tho Davy would pass the flame if it 
moved with a speed of 8 feet a second, and that all tl 
other lamps hitherto thought safe could not endure a] 
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velocity than from 8 feet to 12 feet per second, 
alarming that no sufficient protection conld 
Led on in circumstances that most often occur. A 
current of air in some part of the returns, a person 
hastily against the wind, a fall of the roof, a 
of gas, or even the stumble or jerk of a careless 
might ignite the gas and cause explosion. Hence 
than oyer it seemed needful to take precautions, 
at once to attack the problem of rendering the 
more secure. 
.JLhost of new lamps have been brought forward, of 
several have withstood successfully the ordeal of 
; velocity. Among these are Morison's, with two con- 
glasses, between which the current of air has to 
id its way to the wick ; Williamson's, also with double 
and feed air entering from below, as in the 
^'Biephenson ; Bainbridge's, also fed from below ; Hann's 
«nd others, in which the typical Davy, Clanny, and 
Stephenson have been modified, with extra safeguards 
to check the passing of the flame. Some of these, in 
which glass forms a large part of the construction, give 
a very good light; others are not approved because the 
checking of the air current prevents their burning 
briskly. Some inventors have addressed themselves to 
the greater security of the lock, as in the ingenious 
device patented by Craig and Bidder, for the lamp 
which can only be opened when placed over the poles 
of a powerful magnet. Others have, for economy's sake 
as well as for a good clear light, employed mineral oils, 
introducing them under the misleading name of Col- 
zaline, as in Teale's " Protector," a lamp now in ex- 
tensive use, and of which the general form is a modi- 
fication of the older types, especially of the Mueseler, 
giving in some respects excellent le^wU^. 

K 3 



I 



203 CO.\X AND COAL-MIKISG. 

Meanwhile, the Belgian Government has repeatedly 
given consideration to the subject, and the King, ia 
June, 1876, issued a decree, in which the Mueseler lamp 
alone is permitted to he used in fiery collieries. The 
employment of mineral oila ia interdicted ; and only 
three modifications of the typical lampare to be allowed. 
This important document ia completed by a series of 
full-sized figures of the several lamps which are thtu 
sanctioned by authority. 

'Experiments on various lamps are recorded in the 
Ann. des Travaux puhliques^ torn. 31, and in the "Trans, 
No. Inst, 1868." 

It is worthy of notice that whilst at present a great 
diversity of opinion obtains among our British colliery 
managers as to which is the best safety lamp, a ver^' 
large majority adhere to the Davy as being the most 
sensitive lamp by which to test the presence of fire-damp; 

To detect this gas when in minute quantity, Pn^ 
Forbes renders it observable by the instrumentality rf 
the sound given by a tuning-fork,* and E. H. Liveing 
has exhibited to the Engineers at Newcastle a beautifiil' 
little apparatus, in which the compa,rative illnminatioB 
of a screen by a coil of platinum wire acted on by a 
magneto-electric machine will indicate \ or even J- per 
cent, of gas. 

With regard to the employment of safety lamps, 
there can be but one opinion of their value in testing 
the condition of the working-places before the men btb 
admitted to them of a morning, and in the examination 
of those parts of a colliery not visited by the ordinuy 
collier, where fire-damp may be expected to be preseatf 

• British ABSociatioo, Dublin, 1878. 

t Thougli it ia not yet uflod in priictico, I would mention tho "B» 
damp indicator'' of Mr. Ansell, of tlio Royal Mint, in which tho itfi*- 
lien of gases ie mttdi! to indicnto gaB\iy an vniiix.Vi.iii. "sii ii, toi. 



Bat, as respects their introduction throughout the 
workings of a pit, the queation is somewliat complex. 
It is apt to be the case, that if one precautionary 
measure be fully installed, another is neglected, — that 
when safety lamps arc adopted for the entire operations 
of a mine, the ventilation is no longer a subject of the 
same attfiution ; and unless there exist good local reason 
for it, it is obvious that the protection by wire gauzo 
against present fire-damp is a less desirable kind of 
aecnrity than that of drowning the enemy in a full ven- 
tilating current, and sweeping him bodily away. Where 
the gaa, however, is not merely given off continuously 
from the surfaces of freably-cut coal, but bursts out 
from time to time in sudden blowers, the general use 
of safety lamps is imperative; and on such occasions, 
when for a short time the best ventilated workings may 
be "fouled," or rendered explosive, the lives of all in 
the pit will depend on the proper condition of the 
lamps, and on the obedience to discipline of those men 
who are interposed between the point of outburst and 
the exit to the surface. Similarly, in the working of 
pillars, where, with the movement of the ground, fire- 
damp may exude either from the roof or iloor, or may 
be forced by a fall from the magazine in whicli it has 
been collecting, safety lamps are indispensable. It 
commonly occurs, that although such may be the case 
in portions of a colliery, other parts, and especially the 
ordinary narrow work in whole coal, may be safely con- 
ducted with open lights. Here it will be necesaary to 
fis on certain limits within which safety lamps alone 
are to be employed, and to make it a stringent rule 
that no naked light be allowed to pass beyond a definite 
point in the roads. In Fig. 19, the bords, on the north, 
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are worted witli cnndles, the pillars, adjoining the goaf, 
with safety lamps ; a special door is fixed upon as the 
place, beyond which no open light is allowed to be car- 
ried ; and the course of the ventilating current, led 
backward and forward three times, as seen by the 
arrows in the figure, is so contrived as to gnard agaiBst 
any communication of gas from the dangerous por- 
aions to the bords. 

In no department of mining is a strict discipline and 
attention to orders so momentous as in this, — the qoes- 
tion of lighting. The misplaced confidence, which if 
the result either of ignorance, of hardihood, or of long 
impunity, has led to the sacrifice of thousands of colliers, 
the innocent often suffering with the guilty ; and among 
the most useful of the innovations of the governmental 
inspection is, that of giving authority to the code d' 
rules to be established for every pit, and thus of pro- 
tecting the majority of the men, the steadier workers, 
agaiust the few reckless ones, who, choosing to act 
for themselveSj steal in secret the luxury of their pipe, 
or some extra light, at the risk of their own and theii 
comrades' lives. 



CHAPTER XVir. 

VENTILATION. 



It needs no argument to impress on those who know 
the necessity of ventilating our public and privatS' 
rooms, that it is in a high degree essential to take 
thought for the replacement of vitiated by fresh air 
tho low and often -complicated chambers of coal mintSr 
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\- where many men and horses are engaged in hard work, 

t^imd where nnmerons lights, with gunpowder smoke 

r and dust, aid in contaminating the atmosphere. But, 

I in the workings of a colliery, additional causes come 

i into play ; a slow, yet constant change takes place in 

( ihe surface of the substances exposed to the air, and 

^ the general result is, the absorption of oxygen ; a large 

[ amount of watery vapour requires removal ; the poison- 

t ous gas, carbonic acid, is frequently given off; and, 

r more commonly, the insidious fire-damp, or carburetted 

[ hydrogen, exudes from the surfaces of the bared coal, 

I or sometimes bursts from it in violent jets. The amount 

of air required for the health and safety of the men 

', will therefore vary much in different localities, according 

to these unequal conditions ; and whilst, in some cases, 

the slightest movement of air may suffice to keep a 

small colliery salubrious, in fiery coals worked over a 

large area an actual whirlwind must be forced through 

the principal passages in order to sweep away the 

noxious exhalations. 

Notwithstanding the undoubted phenomena of the 
diffusion of gases, their intermingling in the chambers 
and drifts of mines is only partial, and the specific 
gravity of the gaseous bodies is practically a very im- 
portant guide in testing their presence, and enabling 
them te be dealt with. Thus, carbonic acid (COj), 
with a specific gravity, as compared with air of 1*524, 
tends to occupy the deeper parts of excavations, and 
renders it unsafe, when they have been disused, to 
enter them without precaution. Sulphuretted hydro- 
gen (HS) here and there evolved continuously, very 
poisonous, but readily detected by its offensive smell, 
is also slightly heavier than air \ catbomc oxide (CO), 
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most deadly, but occurring rarely from natural oauBes, 
is 0'970. Fire-damp, or light carbnretted hydrogi 
(CH,), the grisou of the French miners, has a specific 
gravity of 0'555, and is therefore commonly found to 
float along the upper portion of levels, to esca] 
itself from workings carried downhill, and to lod 
Iiollows or the higher parts of excavations. If mingled 
with air in the proportion of -^a-th to -.i^th, it maybe 
detected by the " cap " ou the flame of a candle or 
lamp. If in larger proportions, it becomes explosive, 
and is most violent when it ftrms ith or Jth of the 
mixture. The presence of carbonic acid greatly re- 
duces the explosive property. When there is as mndi 
as ^th of the gas, it bums without explosion, and a still 
larger proportion causes sufi'ocation. In fiery seams "' 
may be observed exuding from the freshly-broken so 
faces with a hissing sound; and if in large quantity, 
as with " blowers," or sometimes near faults, with a 
rushing noise, like the steam from a high-preaeui* 
boiler. Under these last circumBtancca it will rise 
through a colnmn many yards high of water, and 
numerous accidents have occurred through a forgetfiil- 
ness of this property. Some of these blowers will be 
exhausted in a few minutes, others will last for yeare, 
— like that at Walisend, which gave off 120 feet of gas 
per minute — and may be then piped off and burned ftt 
the pit bottom. The evolution of the gases from tie 
coal is greatly affected by the pressure of the atmo- 
sphere, a notably larger amount being emitted whan 
the barometer is low; and hence that instrnuient 
bccomea a useful adjunct in judging of the amount di 
ventilation needed at different times. 
For the due ventilation of a colliery, it is therefore 
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not Bufficient to supply air enough for the breathing 
of men and horses and the burning of lights ; bnt we 
must provide for the sweeping away of the products of 
breathing and combnstionj for the removal of the 
gaseous result-s of blasting and of the decomposition 
of vegetable and animal matter ; for the cooling of the 
excavations where the temperature is high partly from 
depth and partly from chemical change; and, lastly, 
for the dilution of the gases cxnding from the coal. 

In round numbers, 100 cubic feet of ah- per minute 
may be required for the health and comfort of each 
person nnderground, or for 100 men 10,000 cubic feet ; 
but if fire-damp be given off — say at the rate of 200 
cubic feet per minute — we should need at the very 
least thirty times that amount of fresh air to dilute it, 
or 6,000 cubic feet in addition. Increase the number 
of men and liability to gas, and 40,000 or 60,000 cubio 
feet of air may be indispensable for safety. Hence, wo 
may point out once for all that no system of pipes can 
ventilate a mine, and that the large volumes of air re- 
qmred must be introduced through the drifts or work- 
ings themselves. 

The subject now divides itself into two parts — first, 
the production of a current or " draught ; " secondly, 
the distribution through the workings of the current so 
produced. 

A spontaneous ventilation is produced by natural 
causes, which may always greatly assist, and, in some 
cases, may be sufficient for all purposes. To account 
for this on the simplest principles, let us observe what 
happens in summer and in winter with a diagrammatic 
working connecting two shafts of different depths. 

The temperature of the rock is found, aa we des 
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to increase 1° FaJir. for about 00 feet ot depth. Hence 
the ah- in worldngs of moderate depth will be in sum- 
mer cooler, and in winter warmer, than the air at the 
Burface. And as air expands in warming — and we 
l;now by Mariottc's law that the pressures of the gases 
lire in an iiiversu ratio to their volumes — the colder 

. .. column will press npon 

^j and displace the warmer. 
If, then, we compare tho 
two cases, we shall find 
that in summer (Fig. 40) 
the deep shaft a o com- 
pared with a column, BE, 
of equal height iu and 
above the shallower shaft 
will be the cooler and 
heavier of the two, and 
will establish a current 
in tlie direction of the 
arrows. In winter the 
effect will be 
and the warmer air will' 
bo expelled from the top 
of the deeper shaft. 

But at certain seasonr 
— and especially if the 
shafts are not very dif- 
ferent in depth — there will be equilibrium between the 
two, or, in other words, the ventilation will be checkai 
or cease. 

Under these circumstances we may artificially in- 
crease the difference of temperature — which is in feill 
the measure of tho ventilating \iqwcv — either by bnild^ 
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jiig a tower to lengtiien the colnmn of one of the shafts, 
pr hy lighting a fire in it for the purpose of expanding 
^d lightening the air. 

In early daya it was usual to build a stack over the 
j)it, and to attach to it a furnace accessible at the anr- 
fece through doors ; and in small pits, either this mode, 
«r that of suspending a fire-lamp in the shaft, may 
^perform useful service ; but if a really large volume of 
iair he required, we must heat the full height of tho 
Wumn in the upcast shaft, and by good brick lining, 
jflud prevention of the dropping of water, obtain a 
Imaximum effect in the greatest possible difference of 
temperature between the upcast and downcast shafts. 
iTJnder favourable circumstances, spontaneous ventila- 
tion may be made to pass many thousands of cubic feet 
I of air per minute through a colliery; but where tho 
pits are deep and in good order, the quantity may be 
I enormously increased by the application of a furnace at 
I the bottom, or, if it bo needed, by two, or even three, 
Tentilating fires playing into the same shaft. For this 
purpose a furnace is usually placed in the plane of the 
Beam, &om 5 to 10 feet in width, and with fire-bars 
about 6 feet in length ; the arch is built in fire-brick, 
Und well isolated from the coal, the height above the 
bars being 3 to 5 feet, and below them 3 to 4 feet. 

From the furnace to the shaft a gently-inclined 
passage — the/umacs drift — leads the flame and heated 
air upwards; whilst if the return air be apt to he/oiil, 
it may be led through a higher passage — the dumb 
f?ri/i~into the shaft at such a height above the month 
of the furnace drift as to secure the gas from firing, 
teid the furnace will then be fed either with a safe 
portion of the returns, or with a "scale" (a small 
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current) of fresh air from the downcast shaft. F<4 
perfect combuBtion, the coal should be thrown on fe 
quently, and should form a thin fire; and thin 11 
average temperatnre of 140° io 160° Fahr. may lie A 




tained in the upcast shaft, which, if we take an av 
of 60° in the downcast, will give a difference of E 
80° Fahr., on which the ventilating power may 1) 
calculated. 

The quantity of small coal consumed in such ftimaa 
varies from 2 to 5 tons per twenty-four hours ; a 
the volume of air passed — which may be from 15,00 
to 150,000 cubic feet per minute — depends in a gre 
measure on the diminution of the resistance offered li 
friction in the workings. 

In order to obviate some of the short-comings of ti 
common furnace, such as the difficulty of increaBing i( 
power when circumstances demand it, and the intfl 
ruption of its work caused by cleaning, new fomaH 
have been erected at Hetton, at the suggestion i 
Mr. John Dagliah, which are 26 feet in length, t 
to allow either the shifting of the place of the fire, or i 
increase ; whilst by a seriea of doors, the admission ' 
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air may be isolated according to conditions, either 

or below tiie fire-bars. The enormous yolumes of 

actnally drcnlated by these means, and the facility 

certainty of its action, have obtained for the 

a decided preference in all onr deep British pits. 

A vast number of mechanical contrivances have been 

loyed in mines sometimes for forcing in air, but 

conmionly for drawing it out from the workings, 

thus establishing a constant current It would 

a Yolnme fairly to describe them, and we can hero 

[y glance at a few of those which have been most 

applied in practice. 
The WATERFALL, formed by turning a special stream 
the downcast shaft, or by allowing the pump- 
ms to run over, is a useful auxiliary, especially 
driving in air after an accident 
The AiB-PDMP — employed at a very early period in 
fte mines of the Hartz — ^has been, on a magnified 
Kale, adopted at many collieries, especially in Bel- 
gium. It has generally had pistons working in cylin- 
ders of from 6 to 10 feet in diameter, placed some- 
times vertically, sometimes horizontally. The valves 
lure had to be complicated from being very nume- 
IGDS, and from being fitted with counterbalances, 
attached by light levers, in order to diminish the 
resistance. A great diminution in friction has been 
obtained by making the piston in the form of a 
gasometer^ plunging with its sides in a ring of water. 
This latter plan has been carried out on the largest 
scale in Mr. Struv^'s ventilator, now working at many 
collieries in South Wales. His piston is a close-topped 
wrought-iron bell, of 12 to 22 feet in diameter, work- 
wg up and down in water ; and by me«a^ ^^i iwiigis. <iC 
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valves above it and below, placed in the walls d 
piston-chamber — drawing in, and forcing ont, 
each up and each down stroke. The action wUl : 
be seen from the adjoining figure, in which the p 
is making its down stroke. These machines are 
composed of two such pomps, worked by a sti 
engine, and are capable of giving a theoretical am 




Fig. 43. Stnirf% ■ 



>of 20,000 to 100,000 cabio feet of air per minute. 13 
coat is about £200 per calculated 10,000 cubic J 
Horizontally-working pistons in prismatic chaml 
were erected in 1828 by M, Brisco, near Charleroi, , 
on a larger scale by M. Mahaux in 1861. One app 
to the colliery of Monceau Fontaine, by Scohy, in IS 
— \s capable of extracting 45,000 cubic feet per mini 
esB are all greatly exceeded b-y Sts-o-a'a tautila 
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■ working at the Navigation Pit, near Aberdare. 
eheet-iron pistons — 30 feet by 23 feet, or no less 
1 660 feet area each — are supported tn wheels 
■ersing on rails a stroke of 7 feet. The chambers 
fitted, as ID Struve's machine, with flap valves 
inches by 24 inches, and 672 in number. At nine 




Fig.«. 
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tea per minute, the theoretical quantity of air ex- 
}d would be 166,000 cubic feet per minute ; but a 
a reduction has to be allowed for leakage. 
UJS. — These instruments, with straight radial vanes, 
> abundantly used in the German mines in Agri- 
's time, about 1550. Similar machines on a larger 
J, 8 to 22 feet in diameter, vertical or horizontal, 
1 been applied at several collieries ; but from their 
age, and the considerable velocity needed, have not 
n very good results. 

[. Guibal, of Belgium, commencing about the year 
), devised and erected several examples of an im- 
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proved fan of from 20 to 28 feet in diameter, and 6. 
10 feet wide. The figure shows its form and the f 
improYement of casing it in, and providing a i 
valve to a part of the casing to meet the varying 
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tUtions of a mine. The stack, expantiing ontwards, 
stated to counteract to a great extent the loss due 
the high velocity given to the air by the vanes 
experiments made on the machines erected at Bull 
Grenay, near Bethune, and Montceau-Fontaine, i 
Charleroi, have shown a useful effect of 30 to 50 
cent, from the steam in the cylinder, and 60 to 70 
cent, of the force transmitted to the axle.* 
M. Lemiello has devised a very ingenious ventilatoi 
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W at work in many Belgian and French pita, and at 
ihton VaJe, near Bristol, where it has acted aatis- 
itorily for above ten years with very little neceesitj' 
' repairs. Within a large cylinder of brick, wood, or 
ect-iron, a fimaller drum is placed excentrically, and 




Fig. <5. I.cmldli 



ade to revolve. On the surface of this drum are two 
more valves or shatters, which, by means of iron 
ds moving freely roand an elbowed axis in the centre 
the large cylinder, lie close to the drum in one part 
' the revolution, and open out in another. The section 
I0W8 by the arrows how the air will thus be expelled 
' the shutters as they approach the point of outlet.* 
Fabry's machine is another — on the fan principle — 
uch approved on the Continent, Two axes, each 
■ted with three very broad blades (6 to 10 
volve in opposite directions, and each blade is formed 
ith a cross arm, so curved as to give close contact 
iring revolution, and thua prevent communication 
•■ TliB last faw yeiira have been fvulttul in tlio erccUoa of 
ga Lemielles in thia coimtrj', and oi sundry olIieT lo&i^tim.'^ tm. ' 
hifagal principle, as thoEe of Waddle, Lo,Tn\iRrt, kn., *iA "Joa 
'al rentUatoia of Schido and Cooko. 
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from within to the external air. Above half of 
circumference of these fans fits closely within a casing 
of brick or wood, and the foul air, when the machine ' 
employed for exhaustion, is taken by the blades on 
approaching the lower part of their circle of revolution 
is carried on each side outward, and ejected on 
the upper limit of the curved casing. The moderal 
velocity at which it may be driven, and its durahihty 
liE>ve obtained this machine a good name. 

Little more than a dozen years have elapsed 
vigorons attempt was made, under the impulse of 
moat injudicious parhamentary committee, to substitnta 
for the furnace the mechanical action of steam jeta. 
The subject was elaborately tested in practice by ~ ~ 
T. E. Forster, Nicholas Wood, and others, and it was 
clearly shown that high-pressure steam, generated 
either at surface or underground, and allowed to eacapa 
from a scries of small jets — say thirty to forty in 
ber, and from T'^th to ^th of an inch in diameter— was 
capable of doing good service, especially as an auxiliaij 
at times of accident ; but was utterly imable to compeb 
in economy with the furnace. 

In selecting our ventilating power, it must be remem- 
bered that the great object is to obtain a large voloM 
of air at moderate velocity, and that on this acconnl 
most of the simple fans, and certain other classes d 
machine which have to force the air through insufficient 
valve room, give it an unnecessary velocity, which, in 
other wordsj means increased resistance, or diminished' 
ventilation. 

Furthermore, that whilst the furnace exerts its folleBl 
Rdvantagea in deep and dry upcasts, to which the 
travels through roomy windways, the mechanical 
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)ra may be moBt properly applied at pita where 

conditions are reversed 
it TIB now consider the distribution of the air 
(Ugh the workmgB, remembenng that without duo 
Ltion to its details we may have a storm of ven. 
ig wind in the shaft?, and yet a deadly stagnation 
le interior ; or one portion of the pit safe and whole- 
iG, another foul, and verging on explosion 

■et of all, the means of carrying the air current up 
.or neox the place where the men are employed, con- 
in cutting a drift or wmdway across from one 
ing spot to another, and as we 
ice, closing the old openmga ^'j^p^ % 
irs, or stopptnga, so as to force 
air through the required paa- 
only. To take a simple case . 
f. 46 represents a pair of levels 
a short way out from a ■-li ifr 
^ed by brattice into D ami i 
downcast and upcast porti in 
pillar between the IcvlK i-, 
through by a "thirl" at \ 
the drUt-ends are ad^ ^□^.( d 
little beyond that point ^uli- 
mtly, when b has been thirJwl, 
yping is put into A eithei 1j^ 
and mortar, or stowed rub- 
or both; and similarly whin 
been opened, b ivdl be closed. 
If, however, a thoroughfare for the s^ia li" iitoMieM 
men be required, bo that a stopping is madnussible, a 
door, or — where the ventilation la important — two . 
doorsj or even three, are put up, so far apart that aJ 
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horse and trains can pass the one and have it cl<s 
after thera before the second ia opened. Thns, ' 
of air ia avoided, and the tendency of the current fl 
take the shortest way to the upcast is checked. 
deed, a watchful eye must always be kept on the i 
take current d c, which constantly presses upon tli» 
barriers which divide it from the relurn e u, and leaks 
throngh all available openings, to the diminutioQ of i 
the ventilation in the inner workings. Doors u4fl 
stoppages, therefore, require constant attention, or ^ 
a trifling leakage at each of them, a ventilating cure 
powerful enough at the beginning of its run, 
all its force ere it reaches at half a mile or a mile or ti 
distance, the locality where it is really needed, 
meanwhile, the coal should be bo fiery as to render l| 
dangerons to proceed above four or five yards witlicfl 
extra precaution, bratticing ia employed as a tempora 
measure until the next thirl is holed. Thus, auppoBifl 
in the Fig. 46 the end e alone is dangerous, a range o 
upright posts is erected between roof and floor, froni 
the side of the pillar b o to within a short distance (J 
the face at e, and brattice boards are nailed to thein,| 
dividing the level into two parts, and making i 
current travel as represented by the arrows.* A lightl 
door is generally added for the passage of the men atm 
horBCB and trams. These features are shown in thef 
section of the working of a 7-foot seam, Pig. 47, where 1 
the air passes up close to the man on the left, and then I 
turns behind the brattice. 

A single current may thus be carried to the varioad I 
working places, and brought back to the same or to I 



* Fqt tcmpoiarr porpoMs a uaaful biattice-cfeM i, 
Btotured by Mx. Dsroy Lever, of Bolton. 
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■mother shaft ; whilst if the power be great, tbc air- 
■ways roomy, and the doors aud stoppinga in good order, 
it will be maintained for a length of several miles 
rwithout serious loss. If the form of tht works be such 
OB that shown in Fig, 21, as a variety ol " long-wall,*' 
a stream of air starting each way from the downcast 



shaft ■will simply and effectually ventilate the mine, 
■ But the same method, generally applied as it used to 
"be, years ago, to more complicated workings, is highly 
' objectionable : it would leave the mass of the openings 
inside of the working "bords" dead or stagnant; it 
would needlessly carry fire-damp from dangerouB to 
otherwise safe places, and the body of air which in 
the morning went down into the pit fresh and pare 
' wonld take till night to drag itself along some twenty 
, or thirty miles of drifc, and would visit all its later 
I ecenes of work overheated, clogged with dost and 
1 emoke, and laden with impurities. 
I Spedding, about 1700, introduced the coursiT^ of 
\ the ah- by twos or threes throngh the whole of the 
I opened passagea, and soon afterwards all the chiet 
I northern viewers recognised the importance of shorten- 
' ing the runs, and obtaininp- larger volumes. For this 
I it wonld be needful either to have more shafts, and 
wort, as it were, several separate mines, or — ^whst is 
\ more suitable when the shafts are ample enoDgh — to 
I 9>fi( Uk air. This latter plan, by which a nnmbet of 
Bspuvte corrente are obtained, is perhaps the ^mnfryt i 
L 2 ' 
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improvement effected in the airing of pits, and when 
combined with the division of the area into panels or 
districts, has the advantage of confining danger, or the 
results of accident, within narrow limits. Take the case 
of a colliery having 12-feet shafts, and air-ways of 4 feet 
by 5 feet, or 20 feet area ; the shaft having 113 feet area 
will be fully adequate to pass the air required, not for 
one or two such air-ways, bat for at least five. Each 
may then ventilate a different district, and they may 
be brought together again either at the upcast shaft, or 
into certain roomy return air -ways approaching it. Afl 
we increase the area or number or power of the shafts, 
80 tbe number of the splits may be increased, and since 
the resistance varies directly with tho length of the 
road which the air current has to travel, and inversely 
as the sectional area of the passage, it is manifest that 
if the runs are shortened, and the air-ways increased in 
size, the same ventilating power will pass a larger 
volume of air. Reference to Fig. 19 will show this 
arrangement in a portion of the working of a large 
colliery. But the balancing of these splits requires nice 
management, or the air would tend to desert the longw 
for the shorter runs, and where inequalities in the 
length exist, it is necessary to put in regulators, which, 
checking the entry of the air into the shorter, maj 
force it into the longer runs. It is upon such principles 
that some of the northern collieries succeed in passing 
through their workings the enormous volumes of ftoffl 
150,000 to 300,000 cubic feet per minute. 

When the workings assume this complicated form, 

the number of doors to be tended by trappers is never- 

wless greatly diminished ; hat frequent a-ossingsham 

he made where one aii-caTveat is coxried across tlu 
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ftom explcsiri. s rrti: -I, r*7 :'■_:- nr ^ *• 
their lives, n:: ir:n :1t ;.*...1 -.1.: - i.v 
blast, but lr:n nzi-siT. - - ':.-. : • : - .-•.^- . -- 
consisting cf tlr ir:*!.::* ::' ::zi z^' :. II -" • - 
M is this 'wL^- izz^^zli-.z "1:- '1 : .. 
hratticed saait. the cnr-..^ :• rii" .:.•:. 1:1: ... 
passing down cue t-:rT::- iii -t :-. ;:L;7, '.. ■•".* -. . 
workings rfta'icr'ir::'!:!:: sir- 11.: :_: * :• r :,.".> •' 
may have escaped the fcrcc c: :!:-; ^:zix. -:xy* <: v. :*..". 
victims to suffocation. But :nier-:r.d-.-:Iy ci br//.:uv '\ 
shafts, the same cvU occurs in a modinod form in o\ or> 
colliery, and due attention has very rarely boon slu»>\ »» 
to so laying out the works, that in case of a Masi miI 
ficiently heavy to blow out the doors and shako dow w 
the lighter class of stoppings, thoro may Ntill ivumut 
between the downcast and upcast shaft m u nnniiMiMillv 
long course of unbroken air-curronl. to air.nd a h.^H- • 
chance of escape to tho coUicrw, wli») tmh ll.-n IIium !•• 
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from their working places. In Fig. 46 (p. 217), it n 
be eeen how, if the stopping at a or the doors at b s 
Llown ont by explosion, the air wotild take that, slu 
course, and the inner workings be laid dead ; and i 
examination of Fig. 19 will show the same resolt n 
forcibly. The further the two important shafts caBjH 
separated, the longer will be such independent I 
course to which the men may escape. An itpcast ] 
to the rise may often come in nsefuUy in this way ; 1 
no general role can be laid down, because a shaft i 
sittiate may often be so much shallower than the otl 
as to form a less efficient fornace-ahaft ; and in ( 
of this kind — if the depth of the rise pit be too s 
for good ventilation by this means — it becomes j 
question whether a mechanical method would not 1 
preferable. 

Tlie quantity of air which passes is measured 1 
taking the sectional area of a drift, and multiplying B 
by the velocity in feet per minute, to obtain ■ 
number of cubic feet circulating in that time. Hffl 
velocity is obtained either by observing the rate at] 
which a puff of powder or tobacco smoke travels along! 
a measnred distance, or by an anemometer. The] 
instrument most frequently used in collieries is that o 
Eiram, made in various sizes, from 3 to 13 inches inB 
diameter, by Davis, of Derby, which by wheel work andfl 
index hands registers the number of feet of air in tens, F 
hundreds, and thousands, which have passed through! 
it in a given time. M. Comhes, and, more recently, ' 
Mr. Casella, and other makers, have devised for this 
purpose a smaller and more delicate instrument, de- 
pending for its results, like the former, on the revolu- 
ti'on of a wheel fitted with light vanea. 
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In order to test the different denBities of the currents 
m opposite sides of a brattice, a door, or stopping, a 
manometer or water-gange is employed. This, although 
it gives no criterion of the amount of ventilation, is 
feiy useM for comparisons, as giving a measure of the 
renstanceSy or of what is technically called the dray of 
the mine, and distinctly pointing out any unusual 
obstruction such as mav be caused by a fall of roof in 
the air- ways. 

The above brief sketch, although not pretending to 
go into the details of exceptional circumstances, may, 
I trust, be sufficient in a general way to set forth the 
principles and practice upon which the ventilation of 
our larger collieries has been brought into so high a 
position of effectiveness by the skill and perseverance 
of the leading coal- viewers. 



CHAPTER XVIIL 

COLLIERY ACCIDSNTS AND THEIB PREVENTION. 

The melancholy &ct that from 900 to 1,200 persons are 
every year killed in our British coal mines, forcibly 
attracts attention to the inquiry, what proportion of 
these numerous accidents are due to preventible causes, 
and how &r a part of them are inseparable from the 
dangerous nature of the collier's occupation. When a 
catastrophe of unusual magnitude occurs, public feeling 
is aroused, newspaper articles are written, and parlia- 
mentary inquiries are set on foot ; but the majority of 
the accidents are little noticed, except in the immediate 
vicinilj, and they take place at "pomXa %q t^mote ap^ 
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BO widely distributed, aa to show that the main diifi- I 
culty in dealing with them rests in the necessity of 
keeping np an nnceasing watchfulness among many 
thousands of men, workmen as well aa managers. 

It has resulted chiefly from the excitement caused 
by the more destructive explosions, that several 
ToIumeB have been published, filled with important 
evidence given before Committees of the Lords and 
Commons in 1835, 1848, 1852, and 1S54. Further- 
more, since the Mine Inspection Aet in 1850, and the 
appointment of inspectors under the Home Office, now 
twelve in number, a vast amount of valuable informa- 
tion is afforded in their published reports, especially in 
the analysis of the chief accidents which have taken 
place in the year. By this means not only are principles 
and details of practice laid down and confirmed, hut 
many of what may be termed accidents from unforeseen 
causes, are so set before us, that a diligent study of their 
descriptions ought year by year to diminish their occur- 
rence. It is sometimes objected to the Government 
inspection that the number of casualties is not dimin- 
ished ; but it should be borne in mind that the quantity 
of coal annually extracted has been so largely on the 
increase that, if with a nearly doubled production, and 
of course with a much greater number of hands, the 
sum total of deaths has not increased, the results of 
the system cannot but be considered as successftil. 

The careful perusal of these documents is strongly 
recommended to all who are interested in colliery ope- 
rations, and from their detailed explanations it will be 
seen that not a year passes without accidents arising 
Trom an infraction, wilful or accidental, of rules which, 
have been laid down aa being genCTaHj a.^?UGable. 
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Ihe following are the Grencral Rules to be o1>8en'eil 
mder the Coal Mines Regulation Act of 1872 : — 

(].) An adequate amount of Tcntilation thaU W (onKtaiUly jr**- 
ined in every mine, to dilute and rondrr harmlrMi nnxioiiA ^tin « !•> 
■di an extent that the working places of thi.* bhaft*. lovilii, ht.i)'Ii <>. 
ad walkings of snch mine, and the travelling roadn to and fn'in mi< h 
voridng places, shall he in a fit state for workin? and iMvini; 
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(2i) In every mine in which inflammahle gas has Ijof-n found within 
fte preceding twelve months, then once in over}* twenty-four houn* 
if (Be shift of workmen is employed, and onco in every twi-Ivc hour;* 
if two shifts are employed during any twenty-four hour*, a roinin t< nt 
pflnon or competent persons, who shall he appointed for the ]iui-imi>u\ 
dun, hefore the time for commencing work in any part of th<> iiiiiii-. 
inject with a safety lamp that part of the mine, and the r<>adw.-iys 
kiding thereto, and shall make a true report of the condition therouf, 
10 £tf as ventilation is concerned, and a workman hIihU not f^ t(.> 
voikinsach part until the same and the roadwayn loading th(M«> 
m stated to he safe. Every such report shall ho recorded without 
dday in a hook which shall he kept at the mine for the purpci»', and 
diall he signed hy the person making the same. 

(3.) In every mine in which inflammahle gas has not been found 
vitfain the preceding twelve months, then once in ever}* twenty-four 
kooisa competent person or competent i>ersons, who ehall he appointf'd 
for the purpose, shall, so far as is reasonably practicable immediately 
liefore time for commencing work in any part of the mine, inspect that 
part of the mine and the roadways leading thereto, and shall make tx 
trae report of the condition thereof so far as ventilation is concerned, 
and a workman shall not go to work in such part until the samo 
and the roadways leading thereto are stated to bo safe. Every report 
shall he recorded without delay in a book which shall bo kept at the 
nine for the puipose, and shall he signed by the person making tho 
flame. 

(4.) All entrances to any place not in actual courso of working and 
extension shall be properly fenced across tho whole width of Rurli 
entrance, so as to prevent persons inadvertently entering tho Hamc. 

(5.) A station or stations shall be appointed at tho cntranr,r; to tho 
mine, or to different parts of the mine, as the cane may require, and a 
workman shall not pass beyond any such station until tho mine or 
part of the mine beyond the same has been innpccU^d and stated to be 
safe. 

(6.) If at any time it ia found by tho pciHfjii tot the time being in 
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cHa^ge o( tiio mine or unj port thereof that bj reason at nc 
gases prevaiUng in Boch mino or such part theroot, or, of aoy 
whatt^ver, tfao mino or the said port is dAngoroilB. every vorbnm 
Bhall bo withdiami from Uio mine or Buuh part thoreof oh ia lo found 
dangorouB, and a comi>etcnt person who shall be appointed for Ub 
purpose shall inspect tJio mine or such part thereof as is so foimi 
dangerous, and if the danger arises from infiammable gas shall impat 
the same with a locked safety lamp, and in every case shall moie a 
true report of the condition of such mino or part thereof, and a Tori:- 
mftn shall not, except in so far as is necessary for inquiring into Ha 
catise of danger or for tho removal ttoroof, or for ciploration, he it 
admitted into the mine, or such part thereof as n'as so iDosi 
dangerona, until the same is stated by such roport not to be dasgeroiUi 
Every Bitch report shall he recorded in a book which shall be ttpt it 
the mine for the purpose, and shall be signed by the person mskinj 
the same. 

(7.) In every working approaching any place where there is likslf 
to be an occumulalion of cxploaire gas, no tamp or light other than » 
locked Bafoty himp shall be allowed or used, and whenever safely 
lamps are required by tie Act, or by the special rules made in 
pursuance of the Act to be need, a competent person who shall tit 
appointed for the purpose shall examine every safety lamp u 
diately before it ia taken into the workings for use, and ascerti 
to bo secure nnd securely locked, and in any part of a min i- in wLJcb 
safety lamps are so required to be need, they shall not be used 
they have been ao examined and found secure and securely locked, 
and shall not without due aathoiity bo unlocked, and ia the said put 
of a mine a person shall not, unless he ia appointed for the purpose, 
have in his possession any key or contrivance for opening the loct of 
any such safety lamp, or any ludfer match or apparatus of any kind 
foi striking a light. 

(8.) Gunpowder or other explosive or inflanraiablo substance eti 
only be used in the mino underground as follows : 

(a.) It shall not be stored in the miae : 

{i.) It shall not be taken into the mine, except in a case or canis 

containing not more than four pounds : 
(«.) A workman shall not have in use at one time in any one pli 

moro than one of such cases or canisters : 
{d.) Id charging holes for blasting, an iron or steel pricker all 

not be used, and a person shall not have in his possession 
16 miderground any iron or steel pricker, and an ii 

w steel tamping rod or stemmcr shall not be used for ra 




GENERAL RULES. 



527 



ming either the wadding or tio first part ot the tamping or 
atemmicg oa the powder ; 
(e.) A charge of powder which has missed fire ehall not he un- 

raiiimed; 

If-) It shaU not bo t&kiMi into or he in the poEscsirion of any person 
in any nune, exeept in curtridges, and ehnll not he need, 
except in accordance with the following' regulations, during 
three months after any inSammable gas haa heen found in 
extj Buch mine ; namely, 

(1.) A competent person who ehall ho appointed for the 
purpose shall, immediately before firing the nhot, exaroino 
Ihe place where it ia to ha used, and the places contiguona 
thereto, and shall not allow the shot to be fired imleas he 
finds it safe to do bo, and a shot shall not bo fired except 
by or under the direction of a competent person who shall 
bo appointed for the purpose ; 

(2.) If the said inflanunaUe gas issued so freely that it 



10 of the safety lamp, it shall 

s of stone drifts, stone work, 

in which the ventilation is so 

iim air from the place where 

s into the main return 

1 actnal 



showed a blue i 
only be naed — 

{a.) Either in those casi 
and sinking of shafts, 
managed that the ret 
the powdor ia used 
air course without passing any pla 
course of working; or 
(i.) When the persons ordinarily employed in the 
mine arc out of the mine or out of the part of the 
mino where it is used ; 
^ 'Whew a mino ia divided into separate panels in such manner 
that each panel baa an independent intake and return air- 
way from tho main air course and the main rotom air course, 
the provisions of this rulo with respect to gunpowder or 
other explosive inflammable substance shall apply to each 
such panel in like manner as if it were a separate mino. 

(9.) Where a place is likely to contain a dangerous ecemnnlj,tion 
of water the working approaching such place shall not exceed eight 
feet in width, and there shall he constantly kept at a Bufficiont 
distanco, not being leas than five yards, in adTancc, at least one bore- 
hole near the centre of the working, and sufficient flank hore-holos on 
each side. 

(10.) Every underground plane on which pcrBons travel, which ia 
seU-aoting ot worked by an engine, windlass, or gin, shall be pro- 
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vided (if eicecding tliirty yards in length.) with aome proper m 
of BignBlliiie between the etopping places and the ends of the piano, 
and ahall lie provided in every case, at intervals of not mc 
twenty yards, with aufSoient man-holea for plaoea of refuge. 

(II.) Every road on whioh persons travel imdergronnd whare the 
load it drawn by a horse or other animal shall be provided, at intervili 
of not more than fifty yiirda, with snfficient man-holes, or with B qaH 
for a. place of refuge, nhich space shall be of sufiicient length, snd of 
at least three feet in widtli, between the waggons running on t' 
tramroad aod the side of such road. 

(12.) Every man- hole and spaoB for a place of refuge shall teco 
stantly kept clear, and no person shall place anytiiing in a mim-h( 
or snch space bo as to prevent access thereto. 

(13.) The top of every ahaft which for tlie time being is oat oE DM, 
or nsod only as an air shaft, flli»ll be secorely fenced. 

(14.) The top and all entrances between the top and bottom of 
every worldng or pumping shaft shall be properly fenced, hut tliil 
shall not be taken to forbid the temporary remoral of the fenra for 
the purpose of repairs or other opetationa, if proper precautions m 

(15.) TViero the natural strata are not safe, every workiog c 
pumping shaft shall be securely cased, lined, or otherwise made aecin 

(16.) Tho roof and aides of every travelling road and worMng 
place shall be made secure, and a person shall not, unless appointed 
for tho purpoae of exploring or repairing, travel or woi' 
travelling road or working place which is not so made m 

(17.) W^ere there is a downcast and furnace shaft, and both Bucli 
shafts are provided with apparatus in use for raining and lowenBg 
persons, every person employed in the mine shall, upon giving re 
able notice, have the option of using the downcaat shaft. 

(18,) In any mine which is usually entered by means of machinery, 
a competent person of such * age as prescribed by the Act shall In 
appointed ior the purpose of working the machinery which ii 
ployed in loucring and raiaing persons therein, and shall attend tot ■ 
the said purpose daring the whole time that any person is bdo» 
ground in tlie mine. 

(19.) Every working shaft used for the purpoee'of drawing mjoflialf 
or for the lowering or raising of persona shall, if oiceeding fifty yeidl 
in depth, and not exempted in writing by the inspector of tho distliet,. 
be provided with guides and some proper n 
distinct and deSnite signals from Uie bottom of the shaft and baa- 
ontranco for the time being in work between the sttrfaceii ~ 
A nuile of not less than IS jeoia of nge. 
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Iha bottom of the shaft to the aurfacp, and from tho Bujfiic« to Uio 
bottom of the shaft and to every entrance for tho time being in work 
between the surfsice nnd the hottom of the shaft. 

(20.) A suffidont coror overhead shall he used when lowering or 
taimng persona in every working ehaft, except where it is worked by 
« vindlaaa, or where the porEon h employed about the pump or some 
%OTk of repair in the shaft, or where a written eiemptioo ia given by 
^be iiupector of the district. 

(21.) A single linked chain shall not be used for lowering or raising 
Jteraona in any working shaft or piano eicept for the short coupling 
'chaiD attached to the cage or load. 

(23.) There shall be oo the drum pf every machine used for lower- 
ing or rniaing persens such flanges or horns, and also if the drum is 
conical, sach other appliances, as may bo sufficient to prevent tho 
Tope from slipping. 

(23.) There shall be attnchBd to ovory machine worked by steam, 
crater, or mechanical power, and used for lowering or raising persons, 
hh adequate break, and also a proper indicator (in addition to any 
niRrk on the rope) which shows to^tho person who works the machine 
the position of the cage or load in the shaft. 

(24.) Erery fly-whool and all eipoaed and dangerous parts of the 
machinery used in or about the mino shall be and be kept securely 
fenced. 

(26.) Every steam boiler shall he provided with a proper steam 
gangs and wnter gauge, to show respectively the pressure of steam 
and the height of water in tho boiler, and with a proper safety valve. 
(36.) After dangerous gas has been found in any mine, a barometer 
and thennomctor shall ho placed abovo ground in a conspicuous posi- 
tion near the entrance to the mine. 

(27.) No person shall wilfully damage, or withont proper authority 
jfamove or rondor useless, any fence, fencing, caeing, lining, guide, 
tnoans of signalling, signal, cover, chain, fiange, bom, break, indicator, 
steam gauge, water gauge, safety valve, or other appliance or thing 
provided in any mine in compliance with the Act. 

(28.) Every person shall observe such directions with respect to 
working as may be given to bim ivith a view to comply with tho Act 
or the special rules. 

(29.) A competent person or competent persona who shall ho 
appointed for tho purpose shall, once at least in every twenty-fonr 
hours, examine the state of the external parts of the machinery, and 
Uie state of the head gear, working places, levels, planes, ropes, 
■ duins, and other works of the mine which are in actual u 
' (mm at least in every week shall examine the state of the si 
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euch report shall be recoided in n book to he kopt at the ndni ft 
the pnrpoBc, and shall te signed hy the person who made the Bone. 
(3U.) Tho persona employed in a mine may from time to till 
appoint two of tieir number to inspect the mine at their own ctri 
and tho persona bo aplmintcd shall be allowed, once at least in era 

thinks fit, by himself or one or more officers of the raine, to go i 
every pirt of tho mine, and to inspect the shafla, levels, pUofl 
working plEioea, return air-ways, ventilating: apparatns, old workiBg 
and machinery, and shall be afforded by the owner, atgent, u 
m&uager, and all persons in the mine, every facility for the pupa 
of Huth inspection, and shall make a true report of tho result of tai, 
inspection, and sueh report shall be recorded in a booh to be kept I 
the mine for tho purpose, and shall be signed by the persons irli 
made tho same. 

The varioaa districts are more or less subject h 
different kinds of accident according to local conditions, 
and the causes are shown in the table of deaths fw 
1878, increased this year by the Abercarn explosioD. 
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Let as pass to a review of the more prolific aouices 
of accident : — 

1. Falls of roof. — These are ocoaaioned CBpecially in 
high 6eams, by the removal of the upper portions of 
the coal, more partictUarly when the whole thickness, 
as for the most part in South StafFordshire, is taken at 
one working. In other cases they arise from careless 
holing or undercutting, without due attention to spraga 
or props, or from the sudden detaching of bell-moulds, 
OP lumps of ironstone, or masses of shale from the 
roof. In general these falls can only he guarded 
against by limiting the size of the excavations, and 
setting timber in sufficient quantity and in the most 
JudicioiTS manner. When the ordinary colliers are not 
practised or apt at this work, it is important that it 
should he carried out by duly qualified deputies. In 
Bome parts of the country an unfortunate system pre- 
vails of employing butties, or contractors, who, intent 
on getting the coal at a certain price, are prone to 
neglect the precautions which cost money, and which 
thus diminish their profits. In the long-wall work- 
ings, where the fall of the roof has for a stranger a 
most threatening appearance, nogs and pack-walls as 
well as single punch-props aid in giving the men 
Becurity, but when the roof is treacherous, hourly 
caution needs to he exercised by the roanagera and 
Bupervisors ; and whilst in some cases the premature 
removal of props may be dangerous, in others the 
omission to remove some of them will cause an 
irregular fracture often attended with serious results. 
Whatever the method of work, let there be no lack of 
prop-wood ; and to prevent neglect caused by the , 
colliers' grndging the time wtich -wo^ld Kwi« t» hnM 






COAL ASD CX)AL-MININO, 



devoted to it, let such wood be cut for them in propel 
lengths, and carried near to their places of work. It 
is no leas lamentable to note the great loss of life from 
snpineness and blind confidence with respect to the 
roof, than it is wonderful to see what may be done, for 
a limited time, by a few well-set sticks of tunber m 
the midst of crush and pressure that appear over- 



3. Explosions of fire-damp. — According to flie 
abundance of gas, the form of the excavations, and iie 
efficiency of the ventilation, explosions may be either 
quite harmless, or may injure only one man or a few 
men in a single locality, or in the worse cases 
flash forth with such lightning speed and fnry as to 
leave not a man alive. 

Certain coals, for example, are so fiery that when 
the air-current is brisk enough to render the experiment 
safe, you may with your candle, every now and then, 
set the gas alight on the freshly cut surface, and itwill 
flash and flicker away for a few inches or feet in 
length. But woe betide the experimenter if there be 
any roof-cavity or tmventilated corner near, in whidi s 
quantity of the explosive " damp " may have aecumu- 
lated. If only there be plenty of air, such a bord or 
end may often be safely worked with candles, but the 
men should be provided with a wet cloth with whiclt> 
they may dash out the fire ; and at the famous Walls- 
end pits small cannon have been used with advantagtt 
for extinguishing the flame by concussion, in ca 
itB catching at the open lights and being more seriottf 
than ordinary. The safety-lamp is, however, no* 
"vmmonly used under such circumstances j and yol 
Ten with this safeguard, -wWii ioi eco-D.o-m.'j'* %ak.e 
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k got by blasting, there is great risk of a flamo 

%hted which may communicate with other 

or set fire to the coal. Presence of mind — a 

often wanting — may in the ontset extinguish a 

of this kind, which if not instantly combatcil 

soon become very serious. A fire produced in 

maimer, or by the spontaneous combustion which 

in the small coal of certain seams, in a short 

produces such a smoke and ^^ stythc " that it can 

be approached on the windward side, and fre- 

tly makes it needful to retire to some distanins 

bar off or isolate the district. In such cases dam- 

I, the frames of which have been prepared before- 

Imd at suitable spots in the main drifts, may perform 

excellent service. Perhaps these are nowhere seen to 

greater advantage or more practically useful than in 

ilie great under-sea collieries of Whitehaven, where 

fteEarl of Lonsdale has judiciously had the lintels, &c., 

of dam-doors prepared in the stone drifts between 

&ilted districts of coal.* 

hi the last chapter we have treated of the methods 
of ventilation in practice where due attention is paid 
to that vital subject ; but we have here two questions 
to answer, viz., why is it, that with so many examples 
of what can be well done, a large part of our collieries 
should be in a condition far from satisfactory? and 
how does it come to pass that every now and then a 
becatomb of victims has been sacrificed in a pit sup- 
posed to be a model of efficiency ? To these we may 
reply: 1st, that thoughtlessness and opposition to 
discipline among the men, and ignorance of principles 

* In August, 1864, 1 had the opportunity of seeing how promptly 
eSdent dama were thua put in to isolate the workings of the new, ot 
^onter'a diatrict, where the gas had fixed in \Ji^ ^^ ^^^.^. 
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1. Absence or deficiency of ventilating power in ths 
shafts. 

Injudicions plan of workings, or inattention to 
doors, stoppings, size of air-courses, &c., whereby an 
abundant current at tbe shafts ia lost before it gets to 
the faces of work. 

Tlie insecure position of goafs, or wastes, or even 
small lodgments for gas, witb reference to the air- 
currents which have to travel past men who arc using 
open lights. 

4. The absence of sufBcient bratticing in the bords 
' drift ends. 

5. Dependence on too many doors. 

6. The occurrence of falla in the air-ways or working 
drifta. Presence of much fine coal-dust. 

7. The interruption of the ventilating current, by 
repairs in the shaft, by drawing water, or by the 
fittnace or wind-machino going wrong. 

8. A sudden change of weather, especially a turn of 
wind to the south-west, with lower barometer and higher 
temperature. 

9. The emission of gas by blowers, or by bursting in 
from roof or floor, in such quantity as to overpower the 
Tentilatiou. 

In this latter case the use of safety-lamps can alone 
give security, and since their introduction brings into 
play a new set of conditions, it is imperatively needful 
to draw up special rules regarding them, and in the 
interest of the owners and the bulk of the men to visit 
severely all the infringements of regulations which close 
surveillance can detect. 

We cannot do better, iu order to show what are the 
requirements in connection with the use of aafet^ la]TO\ain 
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than quote the Special Rules as laid down for the 
tensive colliery of Seaton Lelaval, under the a 
management of Mr. T. E. Eorster. 

1. In erory part of the said colliery, irhero tha pillar workiiij 
oroken. is in operation, stations will ba filed npon by the Tiewer, wl 
such workman's safety lamp will be examined and securely locked. 

FFom ttoso stations no workman is to take a safety lamp {<a vf 
ihe pillar working or broken, without its having been examioed u 
BMurely looked by the OTerman, inspector, or deputy. 

The ovennan and inspector to have full power to direct the wo 
how to USD thsic safety lamps during the time of workiog ; at 
particularly enjoined that every workman strictly attend t* 
directions. Ko lamp to bo used on which there is not a tin 
None but the overmaii, or similar officer in authority, to be alkjwod ( 
carry a lamp key. 

2. Should any accident happen to a lamp whilst in use, b; wl 
the oil is spilt upon the gauze, or it be in any other way reoden 
unsafe, the light to be immediately extinguished by drawing the ni ' 
down within the tube with the pricker ; such lamp to be directly tsk 
out t« the station where the lamps am examined, and not to be ngi 
used until after having been properly examined by the ovennan,! 

th p ns'Ue person, on the in-bye side of which station t«wi 

th b k n w rkings, no candles are to be taken. 

3 bb uld any workman using a safety lamp detect, by the us 
nd cat a the appearance or preaence of fire-damp, he is first to p 
d wn th w k with the pricker, as before-mentioned, and then I 

treat to th lamp station and give information of the same 
neare t re p n ibie person, it being strictly forbidden for anyw 
to contmue to work in a placeiwhere such indications have been oV 
served by him ; and should the flame continue in ihe interior of tbi 
lamp after the wick baa been drawn down, the lamp then to l* 
cautiously removed, and no attempt whatever to extinguish the Si 
by any other means to be adopted by the workman. 

4. Every hewer, putter, or other person, to whom a safety lamp H 
intrusted, is hereby strictly prohibited fojQL interfering in any mj 
whatever with the lamp, beyond the necessary trimming of the wick 
with the pricker. The hunp in no case to he hung upon the row </; 
props next the goaf or old work, and not to be nearer the swiDgoffl* 
gear, on any occasion, than two feet. 

6. Should any bower, putter, or any ofher person whataTBT, !■ 
eharge of a safety lamp, in any case lose his light, ba is to take l 
liimBcIf to the station where the lamps are examined, to be religUa^ 
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and locked by the orennan, or tome other reeponaiblo pcr- 

, before being again need. 

'i It 18 ezpresalj directed that any person witneuing any improper 

it of the safety lamps by any one, shall give immediate infor • 

to the oveiman in chsxge of the pit, so that a recurrence of 

iOQndact may be prevented by the offending party being brought 

IJHtice. 

7. Any person found smoking tobacco in any part of the said col- 
idiare the safety lamp is used, or with a tobacco pipe found in his 

1, wiU be liable to be taken before a magistrate. No matches, 
any pretence whatever, to be taken down the pit. 

8. ITo patter, pony-driver, helper-up, or other person, is, under any 
to carry a lamp during bis work, except in special cases, 

I the paxtles have leave to do so from the viewer. Lamps will be 
ilong the going-roadsy to afford sufficient light for the perform- 
I of the work. 

I. Every person using a safety lamp to receive the bottom part of 
■me himself £rom the hands of the lamp keeper then in the pit 

gause to be taken home at the end of each ^ift, by the person 
^■iig it, for tiie -purpose of having it properly cleaned before being 
r^fBDued. 

10. Any person acting contrary to the above instructions will be 
Ude to be taken before a magistrate, in order that the lives of the 
vnkmen employed therein may be duly protected. And any person 
aftinning against any offending party or parties will, in every case, 
k hsndsomely rewarded. No riding on loaded cages except under 
ipecial arrangement. Signals, see Act of Parliament. 

II. The hewer that keeps his safety lamp in the best order for a 
Ittrter of a year, will be entitled to a premium of 6t. ; and for the 
Noond best 2*. 6d, The putter to be entitled to 2s. 6J. for the same 
kngth of time. 

It is a moot point whether the men should take 
kome the lamp gauzes to clean, or whether it should 
be done for them by the collier}'. But we cannot fail 
to reprobate the neglectful plan pursued in some mines 
of throwing upon the colliers the burden of purchasing 
their lamps, and thus exposing them to the temptation 
of buying cheap and unsafe gauze. Nor can one think 
without ire of the dirty, oily state of the battered Davy 
tbat one has seen in some of the colliery offices of 
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central districts, kept for a safeguard (?) in case 
fire-damp being feared as an occasional visitor. 

3. Accidents in Shafts. — The breakage of the rope 
chain takes place rarely from bad quality, more oflm.' 
from too long wear and tear of the material. SotD*-] 
times a want of proper horns or arms to the drum, 
or a settlement of the ground at the shaft top, 
throw the rope on to the axle, and thug sever it. Any] 
inequality in the sm'face of the rope-roll which 
the rope lap irregularly, and thus communicatea d 
heavy jerk to the weight in the shaft, ia dangeroiB,! 
especially with wire rope. So also is the adherence 
small-size drum and pulleys. Many lives, again, ai 
lost under the old system of raising the men in skii 
or boxes hanging free, particularly if they be auspenM 
by two chains only. The introduction of cages aai 
guides in the northern districts has greatly leasend 
the liability to this class of accident. Agamst 
falling of etoae, bricks, &c., from the sides, a | 
walling and occasionally overhauling and clearing from 
rubbish, with a bonnet or cover over the cage, are effi- 
cient protections. The numerous deaths irom falling 
into the shaft, either from smface or from mouthingi 
opening into upper seama, may be in great measars 
prevented by the use of light railed doora or wicteto 
which guard the orifice until the cage comea up and 
lifts them out of the way for the time only during 
which access is needed. Overwinding, one of tha 
most frightful of accidents, where the cage with its 
human freight is carried up violently against the puUeyi 
overhead, is to be avoided by the employment of onlj 
-. the most trustworthy engine drivers, the use of th* 
BWeam-brakc, a sufSctent height of pnlley-&ame, and 
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teihaps in some cases the use of the safety apparatus 
jeferred to ahove in Chapter XIV. 

The carefully prepared statistics of H.M. Inspectors 
a Coal Mines group the accidents under different 
Leads, and among other valuable results show that the 
^nalties in shafts have in the last thirty years heen 
treatly reduced. "Whilst in the years 1851 to 1855 one 
Leath per anunm occiirred by shaft accident out of 
LoOO persons, the ratio has of late years, and by a 
iteady process of improvement, been reduced to one 
leath out of 3,300 persons employed. Greater caution 
lias come to be exercised by all parties, aaperior tackling 
18 "ueed, and close attention is given to its examination ; 
tratj as a rule, the ingenious contrivances for arresting 
^e cage when the rope breaks, have not met with 
^tended favour. The comparatively very small number 
bf accidents from "over winding" redounds to the 
bredit of the engine-men of the country and the con- 
dition of their appliances ; but some recent cases 
Accompanied by a sad loss of life, have drawn more 
Attention to the subject of special contrivances for 
Iftrreatlng the load when it is raised too high. 
j Detaching links or books were proposed thirty years 
ogo, but in some, at least, of the forms suggested were 
Joaitive sources of danger. Of late a number of others 
Jiave come to the fore, and what with popular pressure, 
«nd the suggestions of Government officials, are being 
Adopted in great numbers. Whether this is altogether 
'* wholesome way of advancing', and whether the intro- 
duction into the winding gear of any piece of compli- 
cation is not a new source of danger, are questions 
upon which opinions will differ. Most of these disen- 
gaging or safety links and hooks are patented, and ; 
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a close race of rivalry. Soulq fenr have been i 
freely as a boon to the mining world. Mr. A 
W.S., of Edinburgh, in 1860, proposed a hook 1 
of three parallel plates of steel, the central ■ 
which, standing out in its normal position beyo 
Bide pieces, should, on over winding, be drawn tl 
a narrow ring, and thus cause the central plate t 
the shackle by which the load ia suspended 
nsual seat, so that it falls through a vertical sic 
disconnects the cage from the rope. Mr. J. Br 




I^.M. ■ 



of the Eoseliridge Colliery, nearly about the sani 
introduced the hook, on a similar principle, wl 
shown in Fig. 49 imder three aspects. He. 
are two parallel plates of wrougbt-iron, with i 
slot 6; dia the central plate,ya brass pin, whicl 
it in a projecting position till the pin is shears 
coming in contact with the iron plate ff, wt 
shackle will be pushed from its bearing to the si 

The cage is then arrested by strong cama or ( 
attached to the pit-head framework. 

King's, Ormerod's, Walket'a, and Kamsd 
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Fisher's hooks involve the additional feature of throw- 
ing out clutches when over winding, which suspend the 
cage tfl the framing. They are all fnirly before tho 
f nblic, abundantly advertised ; and it may be hoped 
that the selection of the best of them may aid in tho 
£0od work already done by the rooting out of the 
neglect and slovenliness which were once too common. 

4. Eoliiig into Old JVorks. — A great risk is incurred 
in approaching old abandoned workings, sometimes 
from their containing fire-damp or carbonic acid, but 
more commonly from their Jiaving reservoirs of water 
leady to escape under great pressure, and certain, if 
incautiously tapped, to occasion a disastrous inundation. 
The danger is often sadly magnified from the iament- 
ahle and nnbnsiness-Iike absence of proper plans of the 
old works. It is recognised on all hands that the only 
prudent method of advancing under such circumstances 
is with bore-holes in front and flank, kept five or six 
yards ahead of the working, and with tapered wooden 
plugs ready to drive in as soon as water is tapped. The 
subject of the registration of mine plans has often been 
mooted, and by some of the highest authorities, as 
flBsential for the preservation of life and property ; but 
imder the wretched notion of letting things alone, thia 
Immane precaution was not till 1872 adopted as a public 
measure. If such plans, drawn to the true meridian, 
instead of the ever-varying magnetic line, were de- 
posited in some accessible office, many a valuable lifb 
wonld be saved. 

5. MisceUaneom Accidents. — The liability of men and 
boys to be crushed and run over by trams and under- 

■ ground trains, and especially on inclines, must be met 
bj strict discipline, and by providing separate travelling 
roads, refnge places, and sufficient signala. I&aay 
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accidents occur from people passing across the bottom 
of the drawing shaft, which are simply avoided by 
having a suitable passage at the side, and insisting oa 
its being used. As to the casualties which occur from 
blasting, they ought to be entirely eliminated ftom 
the list: the firing of a shot in the coal, apart from 
the presence of fire-damp, entails no risk on carefd 
men ; and in sharp stone hahle to strike fire, the 
of bronze-headed tamping-bars and the safety-fuM 
should be generally adopted. The deaths caused by 
carbonic acid and after-damp are too often due to thfl 
want of thought or the ignorance of the sufferers them- 
selves, and not iinfrequently to the generous darbg 
with which they have rushed forward to succour others. 
A better knowledge of the properties of the gases, 
greater caution in entering un&equented places, and 
improved ventilation must ha looked to for the redac- 
tion of this class of perils. 

It may excite surprise that men should be found 
willing to confront so many dangers, coupled with hard 
work in chterless gloom. But familiarity with subter* 
raneous works shows a different side to the picture, and, 
although plenty of bad cases might be cited, the larger, 
well-managed collieries offer, as the life-statistics prove, 
by no means unhealthy working places. The gaseona 
enemies which invade them are invisible, and are 
therefore even too readily forgotten ; and the work, 
though heavy, is simple, and requires very little ex- 
penditure of thought. Moreover, the wages are, ifl 
spite of strikes and associations, as a rule, very good, 
nay, in some cases exceedingly high, if men only choose 
^0 work, and have acquired the degree of skill wkicl 
Bfind, even in coal-cutting, will greatly distinguish 
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certain hewers above othera, Oiir Cornish miners, 
fagged by climbing, and by high temperature, contend- 
ing with rocks of excessive hardness, and, after ail, 

i earning rarely more than £3 10s. or £3 ISa. per 
month, offer a strange contrast to colliers of the North, 
who can commonly make their Gs. per day, and liave 
often houses free of rent, and coals, and schooling for 
their children at a nominal charge ; and to the 
Welsh colliers, who in a good stall of the rich Aherdaro 
coal will get their 8a., or even lOs., a day." 

Truly, as contrasted with other men, the colliers in 
well- conducted pits have not bo much to grumble over 
as they are made by their interested friends to believe ; 
nor do the methods so popular among them of strikes 
and combinations, and proposals for interfering with 
the management, appear suited to gain them enduring 

j safety and comfort. la and about the pits, especially, 
it is plain that the spirit of insubordination, and oppo- 

I sition to the masters and their rules, are inconsistent 
with the well-being of either party. And a ship in a 

I Btonn, with all the sailors commanding, would not be 
in a more dangerous plight than a fiery colliery with 

> its discipline sapped, and no one in full authority. 

■ To quote B. spedal instance, tlie highest wage made in M«Tf^ ^ 
ISGS, at the Karigation Colliery, Moantsin Aib, «m bo I«m Qua 
\2t. id. per day for tveaty-ihiee daj'R. It mnit be noted tint tlM 
IgmeB above given belong to a prospcrona period, and Out in tha 
^gnmtm of tzade between 1871 and tlw end ot 1S79, wages bave bIm 
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fftined with a great amount of i^roctioil care an4 
discrimmotlon. 

I need not refer to the oI<3er estimates of the dura- 
tion of our coalfields, for neither had the earlier writers 
any Idea of the enormocB future increase of den 
Dor were they provided with the requisite data for 
reaeonahle approximations. It was only in the cka- 
aical coalfield of Durham and Northumberland that 
the position and character of the seams were so well 
known to the viewers as to atlmit, many years ago, of 
approach to accuracy. 

Mr. Greenwell, a colliery viewer thoroughly ac- 
quainted with the district, taking the quantity pro- 
ducible from each several seam, including what lies 
below the magnesian limestone, as well as a miM o} 
trco miles under the sea, calculated in 1846 that 331 
years would, at the then existing rate, exhaust tliB 
whole area. At that time only 10,000,000 of tons per 
annum of round coal were raised. In 1854, when tlia 
amount had reached 14,000,000, and a larger propor- 
tion of Email coal came to be available, Mr. T, Y, 
Hall, also a member of the Northern Institute of 
Mining Engineers, estimated the duration at 365 yeaf, 
but stated that it would be reduced to 256 years if the 
demand were to increase to 20,000,000. And now, since 
the output in 1878 reached upwards of 29,000,000 
of tons, and there is every reason to expect a constant 
increase of production, it is obvious that the time thus 
estimated must be greatly abbreviated, and that Sir 
"William Armstrong, in calling attention to the rapicl 
exhaustion of coal, in his address at Newcastle in 1 
based his argument on no unsound foundation. 
In 1859, Mr. Edward Hull attempted the ] 
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^itioug task of making a similar calculation for the 
B of the British coalfields. As a laborious geolo- 
b on the Government survey, Mr, Hull had enjoyed 
""'excellent opportunities of learning tho stractare of 
several of the coal districts, but with respect to others 
had to rely on data of various authority. Ik each case 
he has meaaured the available area, has adopted from 
the sections an average thickness of workable coal, and 
deducted from the total quantity thus obtained an 
allowance (no doubt difficult to agree upon) for tho 
denuii.ition of the upper seams. A large fraction is 
then allowed for quantity worked out, and loss in 
future workings, leaving us a total amount in stock ot 
about 80,000,000,000 tons for the entire kingdom. All 
the coal lying at a greater depth than 4,000 feet is 
excluded from this estimate as being beyond reach, 
but a very large area, amounting to an increase of one- 
third, ia added to the coalfields, for extension beneath 
newer formations. 

We may cavil at some of Mr. Hull's numbers, and 
disagree with his notions about the limit of depth, but 
hia little book is a creditable summary of the chief 
features of our coal resources, and hia approximate 
general estimate the only one which is so founded on 
factfi as to deserve attention ; whilst especially on the 
Bubject of reaching coal beneath the Permian and 
Trias formations, no previous author has approached it 
with the same amount of practical knowledge. AVhen 
we pass from the descriptive part to the reasoning on the 
coal supply, we find arguments of a more questionable 
character, some of which have since been combated by 
Mr. Jevons in his clear and forcible work, " On the 
Coal Question," whilst others appear to have led to J 
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false conclusions as to the rate of progression of tbe 
consumption. 

It seemB that in twenty years, ending 1860, llie 
quantity of coal raised in Great Britain waa more than 
doubled ; but are we thence justified in believiDg thai 
in the next following twenty yeara it will be again 
doubled, and so on in geometrical progression ? On 
this view of the suhject, little more than a century 
would see this country utterly deprived of tho main- 
spring of its mercantile greatness. Manufactorie* 
without their motive power, iron-furnaces blown cut, 
railway trains brought to a standstill, steamers re- 
placed by sailing ehipa, our streets left to the gloom of 
oil lompa, and our firegrates empty, — such would he 
the dismal prospect of a nearly approaching time, could 
we give credit to such an inference I 

I think, however, that the assumption is based on > 
fallacy, and that although the numbers for cerlain 
years appeared to fit such a conclusion, the increase to 
our production of from 2,000,000 to 3,000,000 of tons 
annually, serious aa it undoubtedly is, will keep M 
within comparatively moderate figures for a long time 
to come, and at all events defer, as regards the country 
at large, the evil day for two cr three centuries.* Bat 

■ In France Cho production of coal haa similarly been doubled ifl«r 

BTOry period of twoho to foarteen years, thus : — 

Yenr. Tonfl. 

1789 250,000 

IBIS 950,000 

1830 1,800,000 

1843 3,700,000 

1357 7,900,000 

1873 15,800,000 

lut the Camit£ del Uouillerea Fniii<;.iiaea Ibiak that tho same latoof 

lacreMO cannot posailily bo kept up. 



n>Tj] 



ITJRATIOS OF THE BRITISH COALFIELDS, 249 

nd Uiis, it is a queation whether even the preflent 
of increase of prodaetion can long be continued, 
whether there are not canses at work which will 

to raise the price and Umit the consumption. 

special position aa the first manufacturing people 
nds in great part upon the cheapness of our fuel, 
any considerable increase in price, as compared 

that of other countries, would soon be deeply 
• At present Belgium, France, and Westphalia 
rnable fully to compete with us ; and Enghsh coal 
s possession of the seaboard of the Continent, and 
amerous cases ascends the rivers for long distances 
jds the centres of coal production of those coun- 
. And sundry reasons may account for the fact, 
ire has been bountiful to England not only in the 
itity, but in the comparative regularity of the coal 
IS. In the best pits in France and Belgium the 
3, or round, coal is seldom more than 45 per cent, 
le whole, and the general average is far less. Tbe 
irbed position of the beds also renders them more 
lult to work, and involves an expense in the mere 
. of prop-wood alone of ^d. to Is. per ton, whilst in 
y of our districts 2d., in others Zd., on the ton mrty 
le average. 

at if we arc to be checked in the race, the mischief 
kely to proceed in great part from an internal 
;er, from the irregularity and combativenesa of the 
What with the peculiar socialistic views so 
Qon among them, and the facility with which their 
nisation, under skilful delegates, enables them to 
aten their masters, the interferences, stoppages, 
^or amasl«rlj^ tieatmont cf Uiij imporUut Hrgtunent bm Jbyodi'i 

M 3 
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iind interruptions to the working of collieries an 
becoming an eyil of Bucli weight aa to constitute a 
additional charge on the ton of coa]. It would be j 
quite out of place here to discuss the subject at any j 
length ; but it must obviously be taken into account 
in forming an estimate of our power of production. It 
might be supposed from the frequent recurrence of 
strikes, that the colliers, as a class, are ill-paid ; bat 
when we find wages of from 5s. to 12s. a day — the 
rate for good hewers from Newcastle down to Sonti 
Wales, we cannot but see that there are other largo 
classes of working men in the kingdom, bringing eqanl 
ekill and labour to beat upon their task, with a mncb 
less satisfactory result. The rate of payment is fairly 
brought to the test of experiment, being in most dis- 
tricts so much per tub or cart of known capacity; 
in the north, so much per score or per ton, and eacb 
pit having there a weighing machine, at which a 
man is commonly stationed to watch the weigbing 
on behalf of the colliers. 

If, therefore, with these inducements to steadiness 
of work, a skilful colher nevertheless joins in the strikes 
and agitation for short hours, weekly pays, with all 
the concomitant idleness, limitation of quantity to be 
got, exclusion from the pits of boys under a certain 
age, and various other interferences which may be more 
or less objectionable in different districts — that man is 
adding a weight against his own nation in the balance 
between ourselves and the foreign coal prodc 

In a discussion on the duration of coal, we should 

bear in mind that it is one thing to obtain a certtuii 

amount of fossil fuel tolerable in quality, but dear from 

. being wrought under difficulties, and another thing 
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^^^vjr OUT present position of raising the best qualities 
^^^pe lowest prices. Most of our best districts too 
^■Sng stripped at a fearful rate : * the purest household 
I coal of the north, the " Wallsend " of the London 
trade, the Dudley thick coal, the Wigan cannel, the 
Aherdare steam-coal — where will they he fifty years 
hence ? And yet there is no help for this ; and all we 
have to see to is that they are made away with to the 
heat advantage. But the question fbllowa : when the 
cream of our coalfields has thus been enjoyed, what 
have we to fall back upon to maintain, at least, our large 
prodaction, even if we are unable to keep np a marked 
lead ? There will he the seama that are coaraer in 
f quality, that are thinner or deeper, and those about 
which there may be much uncertainty, as, for example, 
where it may he required to sink through overlying 
formations. A cloud of difficulties arises ; but there are 
rays of light around it : " dirty " coals will be more com- 
monly treated by washing processes — thin seams now 
neglected will turn out useful ; for if we oan already 
work 12 and 14-inch coals in Somersetshire, whyshonld 
Z feet be elsewhere called unworkable ? Aud then as to 
depth, the improvement of both pumping and winding 
engines is rendering that element of difficulty — within 
moderate limits — a matter of no very great import. 

Here, however, we arrive at a topic fraught with 
much interest. In South Wales and Lancashire, in 
the coal meaaures, and in certain districts where the 
surface is occupied by the red sandstones of the Trias, 

■ lo oTdtT rightly to appreciate tho rate of exlisuBtion of the coal, 
wa must add to the 130 millions of ioDS returnod aa raised, a tarthor 
amount for wasted alack, tarriers, faulty coal, &o., of probably not lesi J 
than 30 millions of tons. 
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■we may have coal seams below us at 5,000, 8,00(^» "^ 
10,000 feet deep. Some of the authors above qustl'' -^ 
think that the limit of accessible depth ia 4,000 feW^ 
beyond which the increase of temperature would (rfj- 4 
Tent the possibility of working; but a considi 
experience of deep mines induces mo to believQ 
the difficulty of temperature may, by due applianc 
be overcome to a much greater depth. 

It is eutSciently well known that experiments 
in the mines of various conntries show that below 
certain pointof invariable temperature generaUyreacl 
at 10 to 20 yards, the temperature of the rock and 
water contained in it increases at the rate of 1" Fi' 
for every CO or 70 feet of descent." The air 
travels down into the workings is soon heatec 
passing off, and thus cooling the walls of the exoai 
tions, and constantly replaced by fresh air from al 
it enables work to be done with comfort in our dee] 
present mines. It must be admitted that the firat 
opening of the levels or drifts at a depth of 1,500 to 
2,000 feet deep is a hot task; but after finding the, 
thermometer in such cases at from 75° to 88° in a cloae 
end, I have observed that when the air has once cir- 
culated beyond such points for a period of a few weeks 
or months, the temperature has euuk by so many de- 
grees as to admit of further working with facility. 
The most remarkable case of this rapid cooling, with 
which I am acquainted, is at the Clifford Amalgamated 
Mines in Cornwall, where, in the 230-fathom level 
(1,650 feet from sniface) the air (July, 1864) was 104 
Fahr., and close to the issue of a hot spring of 122°, 

* Tbeoztremo VBriatiouB of incieiaent, ascent where thermal springt 
tuo present, ore 53 feet to 88 feat (oi one degxeB'SaSH. 
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iYen higlier ; but where, in the 220-&thom level (1,500 
pbet deep), it was only 83% although when first open- 
ing, a year or two before, it had been at 100*. 
. The late Mr. Sogers, at Abercam colliery, in sinking 
U shaft in 1851, supplied compressed air to within a 
Jew feet of the men at work, which — as I tested at the 
Jime — ^in its escape from the pipe, cooled the pit bottom 
rseveral degrees. No doubt, therefore, that what with 
:a good ventilating power, and occasionally, it may be, 
by the aid of compressed air, the first winning works 
^may be quickly reduced below the normal temperature 
due to the depth, and the subsequent workings be 
rendered comparatively cooL 

It is not commonly known that in the province of 
Hainault, in Belgium, coal is working at the depth of 
2,820 feet (860 metres), at the colliery des Viviersj at 
Gilly, near Charleroy, and that one pit at the same 
place has been sunk to the serious depth of 3,411 feet 
(1,040 mtoes). * 

With regard to other difficulties offered by great 
depths, our present best methods of raising the water 
I and coal are, no doubt, capable of dealing with a 
considerably greater depth than has yet been attained. 
For still deeper pits it may be suggested either that a 
plant of engines be established half way down, and the 
work thus effected by two lifts, or that reciprocating 
! rods as in the Fahrkunst or Cornish man-engine may 
be fitted, as proposed by M6hu, and by Guibal, to 
bring up a constant succession of coal-tubs ; and 
although such modes have not as yet been made 
practically economical, we may rest assured that the 
same art of mining, to which the public is mainly 

♦ Yisiting thia pit in 1871, the autliox ioxm^ VJaa ^^-^VJcl \ft ^^ 
bottom of a trial staple was 1,064 metres, ox ^,\%^ i'S^X* 



254 COAL AND COAL-MINING, 

indebted for the improvement of the steam-engine and 
for the railway, will not rest without further develop- 
ment of its appliances.* 

If then, as we have reason to assert, oar better and 
more accessible coals are being ao fast wrought out as 
to threaten an early change of conditions, what, it muj 
be asked, can be done to prevent their exhaustion? 
Our home consumption ??nis£ increase, if we are as i 
nation to advance in prosperity, and its only check will 
be from an increase of the price at which it can be 
delivered to the consumer. This, however, as compared 
with the cost of production abroad, will be the turning 
point ia our progress. As regards our exports, which 
have risen since 1841 from 1^ to near 16 millions 
of tons, constituting above a tenth of our production, 
it has often been suggested, and by grave authorities, 
that a tax should act as a check ; but such an impOBl 
would undoubtedly be open to serious objections. It 
has been held by certain writers that the exports aw 
sure to diminish because other nations are developing 
their own coalfields ; but a little attention to tbe 
statistics given above will show that during the very 
period of the multiplication, tenfold, of onr exports, 
France, Belgium, and Germany have been increasing 
their output no less remarkably than ourselves. The 
fact is, that all the active nations of the world are 
every year requiring more coal than before, and a ffur 
inference is that what goes abroad as well as what ia 
consumed at home will be an increasing quantityi 
until a higher price per ton operates as a check. 

■ An intoreatmg inquiry into this subject, with auggefltions folM* 
apparatus, ivill be found ia DeviUez, "He I' ExphUatioH it U Mml^^ 
la projondeur d'au rnoim iiilllc melirs." Liege, 1859. 
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But although we are thus carried away by the stream, 
it hehoYea ub to take every precaution to navigate our 
craft in the best manner. There arc many things in 
our individual and collective mode of treating coal 
mines which should behetter looked to in the interestof 
those who follow us. We must admit that amid the 
pressure of competition, it is hardly possible to do 
«therwise than take out in the cheapest way whatever 
pays best ; whence the strictures sometimes passed upon 
our wastefol procedures are, however true as regards 
the nation at large, scarcely jnst to individaal workers.* 

The great waste of small coal, although of late years 
less flagitious than formerly, is still a lamentable extra- 
vagance ; for it is not too much to say that millions of 
tons of it are buried up annually, in gobs, stowage, 
crushed pillars, &c. The remedies which we may hope 
' to see gradually applied, are as follows : — 

1, The best selected mode of laying out collieries, 
both as regards freedom from crush and creep, avoid- 
ance of an excess of naiTOW or strait openingB, and 
jndiciouH direction of the bords or working faces. 

2. The more general washing of smalls. 

3. The extended use, partly by means of new forms 
of flirnace, of slack and the smaller varieties of screened 
coal (pease and du^ for manufacturing purposes. 

4, Employment of the best methods of coking. 

' "H eat impOEaible en voyant cela, da ne paj preascntir qu'on la 
WiTSr k chaque pas les Anglais abusant dea nvantagea natnrela qii'tls 
Kooontrent dnus les gites honiUers de leui pafs," — Eitmci from a 
ttiport. BiaaX, " MaUriel del BouUiirea." 1886. It ifl Batisfiictory to 
Iw able to inform our French critic that, at the colliery which anggMted 
Ut Temnrk, the state of things ia already improTed, simply in 
Snenee of t^e increasing' demand for slack toi Tna,n\Lfacteiidi. 
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5. Iniprovement in the making of coal-bricba or 

"patent fuel,"" and 

6. Last, but not least, the application of coal-cutting 
machineB, some of which appear to be verging close on 
practical utility, will be the advent of a saving that may 
give UH years of prosperity. 

A miserable sight it is too, to see a part of a seam, 
the " roofs " or " benches," as the caae may be, when a 
parting becomes so thick, as to prevent the whole gronp 
of beds from being conveniently worked together, aban- 
doned and left uncared for, with the probability that 
when the present generation has died out, there will be 
no sign to show that there is still lying there, neglected, 
a tract of what at some future day might offer a profits 
able working. And intolerable, again, it is to observe 
cornerB and plots of gronnd sacrificed on account of the 
inconvenient division of properties on the surface ; 
when often the avarice or ineptness of some holder of 
surface fields operates as a bar to the regular working 
of colliery proprietors, and of course as an obstacle to 
the development of tbo national store. 

It appears hardly credible, when wo consider how 
easily these sources of sheer waste might bo indicated 
in the maps, and when we remember the uncertainty 
and the danger to human life of approaching old 
workings, that no arrangement was, till 1873, made foe 
the registry and preservation of proper mining plans, 

" The largo proportion of imall in the Belgian nnd French coal baa 
]ed the continental colliery proprietors and maciiniala to devote inadL 
attention to the mmuactnre of briqtietlci or agglovnTis, which, -when^ 
well made, meet with a large sale. Opinions at preeent vary as to tlw 
best method of cementing the coal fragments, and mach stresa ia laid 
tm the EubBtitution, for pitch or tar, of farinaceous mattor, at fint, t 
beUcT^ practised at Fiinf kiichen in Socgarj. 
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no other country in Enrope was there such a laxitj 
a matter of vital importance to oar snooessors. 
der the first Inspection Act every colliery was 
od to keep up plans on a certain scale ; but bow 
iai was the advantage, when at the end c>f a lease 
documents were subject to be lost or destroyed ! 
er the new Act the Government, when a mine is 
doned, insists on the deposition of ** aororate 
?," to be preserved under the care of the Secreiarr 
tate. And if lessors and lessees, alive to the 
nal importance of these documents, co-op^erate io 
iring available at a future day those tracts which 
7 be difficult to turn to present account, we shall no 
r remain open to the charge of an unworthy 
xdship of the riches which a bountiful Nature has 
litted to our care. 
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